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rHE PATHOLOGY OF PNEUMONIA CAUSED BY 
BACILLUS INFLUENZAE DURING INTER- 
EPIDEMIC PERIOD * 


DORSEY BRANNAN, M.D. 
AND 
ERNEST W. GOODPASTURE, M.D. 


PITTSBURGH 


Phe frequent association of Bacillus influensae with the respirator) 
lischarges and with the pneumonias which accompanied the pandemic 

influenza, in 1918, gave an apparently reas« mable foundation to the 
ypothesis that this bacillus was the etiologic agent of the initial disease. 
his assumption seemed at first the more acceptable in view of 
‘feiffer’s ! discovery of the influenza bacillus in association with influ- 
nza during recurrences of the previous epidemic of 1889-1890, and 
is pronouncement that it was the cause of the disease. 

Bacteriologic and pathologic studies made during and after the last 
utbreak, however, make it very doubtful that the influenza bacillus was 
more than a secondary invader associated with an as yet unknown 
irus of influenza. 

It was soon found that while Bacillus influensae was frequently a 
contributing cause of the pneumonia present in fatal cases, this bacillus 
vas by no means universally in evidence, and there seemed to be a 
regional variation in the type of micro-organism predominating in the 
lungs, although the initial disease remained quite uniform. There was 
also conspicuous failure of experiments in attempting to transmit 
influenza to human beings and to animals by means of the bacillus of 
Pfeiffer, and to protect persons by pre iphylactic inoculation with vaccines 
prepared with it 

Numerou. ~ udies of the pathologic anatomy of influenza, necessarily 
limited to par_-nts dying of pneumonia, have not established a sufficiently 
constant relation of Bacillus influenzae to the pneumonic inflammation, 
nor to any particular lesion, to add much of favorable evidence for its 


etiologic relation to the primary disease. 


*From the William H. Singer Memorial Research Laboratory, Allegheny 


General Hospital 
1. Pfeiffer, R.: Ztschr. f. Hyg. u. Infectionskrankh. 13:3, 1822. 
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Very characteristic changes have been demonstrated in the lungs ot 
influenzal pneumonia in early stages, consisting essentially of a dilatation 
of alveolar ducts, a serous exudate and a deposit of hyaline material in 
the form of a membrane on the walls of the ducts and neighboring 
alveoli. These changes have been regarded as the result of an unknown 
virus of epidemic influenza, and as independent of secondary invading 
micro-organisms. This lesion has been demonstrated in influenzal lungs 
with and without an associated infection by Pfettfer’s bacillus. 

It has, however, been definitely established that Bacillus influensa 
did frequently produce a characteristic type of pneumonia. This con 
sisted of a purulent bronchitis and bronchiolitis, usually with ulceration 
of the mucous membrane, dilatation of the affected air channels, an 
inflammatory exudate within their walls, a deposition of fibrin in alveol: 
immediately surrounding them, and a polymorphonuclear cell exudate 1 
the terminal alveoli with little fibrin. In gross, the bronchioles wert 
conspicuous on the cut surface as small gray or yellowish dots, a few 
millimeters in diameter, with a drop of pus in the center. This type ot 
pneumonia was quite similar to that described originally by Pfeiffer as 
characteristically resulting from pulmonary infection with the influenza 
bacillus, and has apparently its only analogy in the interstitial broncho 
pneumonia due to a hemolytic streptococcus following measles, described 
by MacCallum * in his study of the pathology of the pneumonias in the 
United States army camps during the winter of 1917-1918. The pneu 
monia produced by the influenza bacillus ordinarily can be distinguished 
from this type by the frequent association of empyema and atelectasis 
of the lung with the latter. 

It has been of interest, in view of these facts, to study the pathologic 
anatomy of five recent cases of acute bronchopneumonia in which the 
influenza bacillus was the predominant or an important infecting agent 
in the lungs. The occurrence of several instances of influenza bacillus 
pneumonia in adults in an interepidemic period within so brief a time 
is apparently unique. There was no indication of a local epidemic of 
infiuenca in Pittsburgh during this time. Burns of the Bureau of Infec 
tious Diseases has kindly informed us that his mortality statistics show 
considerably fewer deaths during January and February of the present 
year (1924), the months during which these cases were observed, as 
compared with the same period in 1923. It is impossible to determine 
whether there was, at this time, an increase in the number of acute 
respiratory infections of a milder type which might have been caused 


by the influenza bacillus. 


2. MacCallum, W. G.: Monograph of the Rockefeller Institute for Medical 
Research, No. 10, 1919: Reports Johns Hopkins Hosp. 20:149 (Part IT) 1921. 
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During January and February, 1923. of the 1,000 patients admitted 
the Allegheny General Hospital, there were fifty-four cases of pneu- 
onia of all kinds, and twenty-four deaths from this cause. For the 
ime period, this year, of the 1.033 admissions, there were thirty-one 
ises of pneumonia, and seventeen deaths. It must be assumed, we 
lieve, that an unusually virulent strain of Bac illus influensae was active 
t this time and was responsible for the type of pneumonia which is 
be described, a strain equally as virulent presumably as that which 
‘s associated with the past pandemic, in view of the fact that the 
neumonia it produced was as extensive and as severe as that 
ncountered in 1918. Yet in none of these cases was there an initial 
fection with so profound a toxemia as characteristically preceded the 
neumonias of the great epidemic, and no evidence of a concurrent 
»idemic disease 


CLASSIFICATION CASES 


In four of the five cases, the invasion by the influenza bacillus was 
sociated with a pneumococcus infection. In two of these there was 
n onset characteristic of lobar pneumonia and at necropsy one or 

re lobes were involved by a more or less diffuse pneumonia contain- 
g pneumococci, but atypical in their gross pathologic anatomy ; while 
ther lobes presented lesions recognized grossly as caused by the 

fluenza bacillus. A third case gave a history such as might have been 
ue to primary influenza bacillus infection and the pulmonary lesions 
vere caused by this organism alone, while a patch of fibrinopurulent 
leuritis over one lobe was the result of a pneumococcus. The fourth 
ise was that of an old man who had been on a drunken spree for 
everal days. He had a blood stream infection with Type II] pneumo- 
ccus, and had an abscess on one arm from which a pure culture of this 
rganism was recovered. .\t necropsy, no lesion attributable to the 
neumococecus was found in the lung, but a widely disseminated pune- 
bronchopneumonia in which influenza bacilli played the dominant 
role. The fifth case was a bronchopneumonia secondary to a gangrenous 
ippendicitis with pylephlebitis and abscesses of the liver containing 
ulaenea aureus and Bacillus coli. The influenza bacillus was 
the inciting agent of the pneumonia, and the lesions were characteristic 
grossly and mic roscopically. 

It thus appears in four of the five cases that bronchopneumonia was 
secondary to another and perhaps prior infection with the pneumococcus. 
In none of these, however, was there a typical lobar pneumonia, and 
in one, notwithstanding a blood stream invasion by the pneumococcus, 
there was no localization of it in the lungs. During the influenza epi- 
demic, when the pneumococcus invaded the lung in association with the 
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influenza bacillus, there was rarely, if ever, a typical lobar consolidation 
characteristic of an infection with the former alone, although patches ot 
consolidation could be recognized grossly as produced by pneumococci 
It would seem that conditions permitting an infection of the lungs by 
the influenza bacillus modify at least the extent and distribution of the 
lesions produced by an associated pneumococcus. In one instance in this 
series, the pneumococcus infection in the lungs had apparently been 
overcome, but the lesions due to the influenza bacillus were persistent 
and progressive and possibly would have resulted in a chr mic infection 
with bronchiectatic cavities. 

Following is a brief summary of the clinical histories and pathologic 
records of these cases. 

REPORT OF CASES 


Case 1 \ colored man, aged 25, a laborer, was admitted to the \lleghen) 
General Hospital, Jan. 2, 1924, complaining of pain in the right side. He gave 
a history of having had “influenza,” in 1918. He had been well until seventee! 
days before, when he began to have a dull aching in the bones and joints 
not referable to any particular part. He had developed a cough and expec 
torated yellowish phlegm. This condition had lasted ten days; then he begat 
to improve markedly During these ten days, he was up, walking around 
The tenth day, he had gone back to work and felt in rather good condition ; 
the thirteenth day after the onset, he had had two chills and became very 
feverish: on the fourteenth day he had had another chill and developed a shar] 
pain in the right side on respiration Following this, he began to cough and 
expectorated a yellowish material streaked with blood, and had marked dyspnea 
He entered the hospital the seventeenth day after the onset 

Physical examination showed him to be a rather thin man with hollow cheeks 
and a somewhat “drawn” look. The temperature was 102.5 F.; the pulsé 
135, and respirations were from 28 to 30 There were signs of consolida 
tion involving the lower lobe of the lung on each side Four days later, 
he was delirious, and pulmonary involvement was found in the upper and lower 
lobes on the right and in the lower lobe on the left. He died, the seventh 
day after entering the hospital and the twenty-fourth day after the onset ot 
illness. 

In the hospital, the temperature remained high in the first day ; the second and 
third days it ranged from 99 to 101 F.; the fourth day it rose to 105 F., and 
the seventh and eighth days it reached a lower level again, from 99 to 101 F 
The last temperature recorded was 104.5 F., just betore death. The pulse was 
variable, but for the most part was rapid, from 100 to 120 and 140. Resptra- 
tions gradually increased in rate, and remained rapid through the course, from 
40 to 50 and OO a minute 

Laboratory reports showed pneumococcus Type IV in the sputum, a trace 
of albumin and a few hyaline casts in the urine; red blood counts were 4,500,000, 
the white blood counts 16,850, and hemoglobin 90 per cent., the day after 
admission 

At necropsy, a diffuse bronchopneumonia with purulent bronchiolitis involved 
hoth lower lobes. The intervening lung was wet and soggy. A thick yellowish 
white fibrinopurulent exudate bound together the upper and lower lobes J 
teriorly on the right side. Otherwise, the pleural surfaces were smooth and 
The bronchial lymph nodes were considerably enlarged and soft, 
large bronchi and trachea were diffusely reddened with swollen 


dark purpk 
and the 
mucosa. The upper lobes were air contaiming 
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Microscopically, the small bronchi and bronchioles were dilated, ulcerated in 
ces, and filled with neutrophilic polymorphonuclear leukocytes. Their walls 
thickened, swollen, and the vessels were engorged Plasma cells and a 
infiltrated these walls and the walls of the alveol The latter 
good deal of fibrin These 


re 
round cells 

filled with neutrophilic leukocytes and a 
of consolidation, where the exudate 


fibrin. The pleural exudate was 


re 
wes gave way to confluent areas 
essentially leukocytic, thick fluid and 
vely layers of fibrin with a few leukocytes and a little hemorrhage. It was 


eanizing in places 

lhe smears from the lungs 
Hi intracellular and extracellular. There 
left lung yielded Bacillus influenzae 
The heart’s blood showed no growth 


showed numerous small short gram-negative 
were also a few gram-positive 
ei. Cultures from the and a few colonies 


Staphylococcus albus 


exudate and broncho 


showing focal bronchiolar 


Fig. 1. (Case 1).—Lung 
umonia. 


man. aged 23, entered the Allegheny General Hospital, 


left side. The past history was unes- 
The acute illness began, the day of admission, with aching throughout 
That night, he developed pain in the left chest during 
time of onset of pleural par, 
There was no 


Case 2 \ colored 
2. 1924, complaining of pain in the 
ntial 
he body and weakness. 
A cough was productive about the 


spiration. 
h. later changing to a dirty brown. 


e sputum being yellowis 
chill. 

Examination proved the patient to 
tions were rapid, 45 a minute; there 
103 F. (rectal) and the pulse was 120. 
Tactile fremitus was incre 
with slightly prolonged expiration and 
Reflexes were present. 


be an acutely sick man. The respira- 
was no cyanosis; the temperature was 
There was lagging of the left chest 
ased below the left scapula. Per 
friction rub, 
The abdomen 


during inspiration 
cussion was dull here, 
but no rales. The heart was negative. 
The systolic blood pressure was 112: diastolic, 

examination, January 3, showed the red blood count to be 
hemoglobin, 80 per cent. The 
numerous hyaline casts and a 


was negative. 
Laboratory 
4,200,000; the white blood count, 26,000; the 


urine examination revealed moderate albumin; 


spe cific gravity of 1.018. 


January 3, the rectal temperature dropped to 98 F.; the pulse was 110. 
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January 4, the patient was very weak; the blood pressure was 9%) systolic, 
50. diastolic The rectal temperature rose to 103.5 

January 5, the area of involvement of the left lung was essentially as on 
admission with a few crackling rales. The systolic blood pressure was 95, 
the diastolic 60. A sputum culture produced pneumococcus Type IV. A blood 
culture produced pneumococcus Type Il. The temperature range was trem 


100 to 102 F. (rectal); the pulse from 110 to 115, and the respirations were 40 
Che condition remained essentially the same for several days, until January 8, 
when rales became numerous over the left base behind, and diarrhea developed ; 
there were from four to five stools a day. The rectal temperature stayed 
around 102 F.: the pulse ranged from 100 to 120. The urine contained much 
albumin and bile 

January 9, signs of consolidation were made out in the left upper lobe 
rhe diarrhea continued. The systolic blood pressure was 128, the diastolic 55 

The condition remained about the same with, however, lower tever, ranging 
from 101 F., January 11, to 100, 99 and 98.6 for the next three days Phe pulse 
also was lower, the rate ranging from 90 to 95 a minute. January 13, the 
whole left lune was found consolidated. Rales were few, and tactile fremitus 
was decreased. It was concluded that fluid was present in the left pleura, 
evidence being based primarily on decrease in vocal fremitus lherefore, 
January 14, a thoracentesis was performed in the eighth interspace in the 
midseapular line in the left back. No fluid was found, but a little blood dropped 
from the needle The needle was at once withdrawn, and the patient was 
seized with a coughing spell and expectorated some blood tinged sputum. 
There was noted a twitching of the left side of the face and an amtsocoria ; the 
left pupil was larger than the right. The skin became cold and clammy. The 
patient collapsed and died in about twenty minutes after puncture, m_ spit 
of efforts to revive him 

At necropsy, twenty-eight hours after death, the essential findings were in 
the lungs Che left lung was found loosely adherent and consolidated through- 
out with scattered patches of yellowish fibrinous exudate The pleura was 
dull everywhere Che lobes were glued together by fresh fibrinous exudate 
The lymph nodes in the hilum were tremendously enlarged and swollen. The 
large bronchi were filled with thick yellowish exudate and bloody mucus \ 
needle puncture wound was found opposite the thoracentests wound in the chest 
wall The needle penetrated 4.5 cm., and its course was marked out by a 
ragved hemorrhagic zone from 3 to 4 mm. wide. The puncture wound also 
involved several smaller vessels in the deeper portion of the lung. On section, 
the surface of consolidated lung had numerous small yellowish patches trom 
2 to 3 mm. across, slightly elevated and bronchial in distribution From some 
of the larger areas, pus exuded. The intervening lung substance was somewhat 
eranular, light red in the lower lobe and with grayish patches in the upper 
lobe The bronchial pus pockets were less numerous in the grayish areas of 
the upper lobe 

Microscopically, there were small bronchiectatic abscesses with surrounding 
consolidated lung. Elsewhere, the bronchi and bronchioles had ulcerated and 
were filled with leukocytes. The interstitial tissue and bronchial walls were 
generally thickened and infiltrated with numerous plasma cells. The alveoli 
contained in places much fibrin and many leukocytes, else where very little, 
aside from a few large pale mononuclears and a little fluid. Hemorrhage 
was plentiful in the fresher exudate, and the capillaries were everywhere 
engorged. Patches of hyperplasia of adjacent alveolar epithelium were seen 
here and there: the lymph vessels were thrombosed, and in some there was 
organization. The surrounding and adjacent areas of the lung showed a 
rather diffuse pneumococcus type of consolidation. The pleural exudate was 
thin, fibrinopurulent, and organizing in places. The air containing lung tissue 


was emphysematous 
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injury showed hemorrhage, with acute thrombosts 
a large vein into which lung tissue had been pushed. 

the bronchial and lung exudate contained many tiny gram- 
extracellular, probably influenza bacilli 
iorphology of pneumococcus 


Sections through the needle 


Smears trom 
eative bacilli, intracellular and 
organisms present with the n 
cultured heart’s blood. From the pus 0! the 
grew out, but no pneumococct. 


ere were also a tew 
ere was no growth in the 
nchial exudate Bacillus influensae 


wed 57, was admitted to the Allegheny General 
“Sickness in his stomach.” The patrent 


t 


had started his last 


Cast 3.—A white man, 
spital, Jan. 8, 1924, complaining of 
ted his illness to Christmas day, 1923, at which time he 
ee. He had consumed considerable hard liquor every day up to admission 
began vomiting a Tew days betore admission, and a heavy pai developed 
the abdomen accompanied by a ‘chilly feeling.” No 


1 
} 


he upper part ot 


tirite chill, however, Was recorded 


Physical examination, on admission showed the temperature to Ix 101 F., 
systolic blood pressure was 128; diastolic 80. The patient was d scribed 
sweating old man. The chest was negative aside from emphysema. The 

rt was not enlarged and was regular There was marked pain in_ the 


vastrium, but no masses 
admission, revealed that the urine was cl 
and a tew hyaline 


Laboratory reports, on ear, the 
1.028: there was a trace ol albumin, 


gravity was 
blood cells, 9 OOU : the 


t he red blood cells totaled 4,800,000; the whit 


globin was pe r cent. 

While in the hospital, twenty days, the 
often normal, in the morning. During 
UR 


patient ran a septic temperature, 


nerally high in the evening and low, 
100 to 103 F. (day ot admission), trom 


y days, the range was trom 
n days, the temperature 


102, and from 100 to 103. foward the last week or te 
constantly high from 101 to 103 and 105. The pulse ranged from 80 to 

‘ ind 100, occasionally reaching 120 
The patient was at times delirious, and it was thought at one time that 
ere was an early lobar pneumonta, particularly in view 0! positive blood 
sputum cultures for the Type II]L pneumococcus, January 14. January 
from the sputum together with the Type II] pneun 

ecus. There was no improvement 1 the general condition, and the patient 


nfluencae was recovered 


Wy died twenty days after admission 

showed very small pe ribronchial areas ot consolida- 
containing but emphysematous Microscopically, 
to be an interstitial bronchopneumonia 


The bronchioles and small bronchi im 
ibrinopurulent 


At necropsy, the lungs 

and were otherwise air 
wever, the pneumonia was found 
of the infiuenza bacillus 
ganization of the contained tf 
alone was found, in others, a little 


iracteristic 
a fresh purulent exudate 
The bronchial walls and 
and neutrophilic leukocytes The 


xudate In some, 
ntermixed with fresh blood 
vere thickened and infiltrated with plasma cells 
latter cells, with de squamated epithelium, filled the 
abundant. In some areas, there was nothing more than a purulent 
the surrounding alveoli Some intra- 
demonstrated. The lung was generally 


adjacent alveolar w alls 


surrounding alveoli. Fibrin 


was not 
rronchitis without consolidation of 
cellular influenza bacilli were easily 
emphysematous. 

\ large supradeltoid abscess 0 
pure culture of Type II] pneumococcus 
of the cerebral cortex, osteitis 
alterations of no essential 


f the right arm was found and the pus con- 
tained a There was also an acute 
intracapillary glomerular nephritis, atrophy 
deformans ef a moderate degree and other chronic 
interest here. 

Smears from the abscess pus contained gram-positive cocct. 
the pus and from the heart’s blood contained pneumococcus Type 


The lungs were not cultured. 


A culture from 
Il] in both. 


is 
4 
5 
d 
| 
\ 
ig 
Ses 


746 ARCHIVES OF INTERNAL MEDICINE 

Cast 4.—A white man, aged 22, was admitted to the Allegheny General 
Hospital, Jan. 30, 1924, complaining of pain in the abdomen, and vomiting 
The past history was unessential. The patient had been examined by an 
attending physician, several days prior to his admission, who found a broncho- 
pneumonia of the right lower lobe. At that time, the patient had a certain 
amount of abdominal discomfort which, in a few days, became more and more 
severe \cute appendicitis was suspected, and the patient was sent into the 
hospital. He gave a rather typical history of acute appendicitis beginning with 
epigastric pain, three days before admission; the pain promptly localized, how 
ever, in the right lower quadrant; vomiting developed; later, he became con 
stipated. Pulmonary symptoms apparently were unimportant on admission, 
and none were recorded 

Physical examination revealed indefinite signs at both bases, but pneumonia 
apparently was not suspected or at least was not recorded. There was pain 
ind rigidity in the right lower quadrant Che temperature, on admission, 
was 102 F., the pulse was 95 and the respirations 20. The patient was acutely 
ill, and acute appendicitis was considered the major cause 


Laboratory reports on admission gave the number of white blood cells as 
17,900. The urine showed a trace of albumin and a few hyaline casts 

Under nitrous oxid and gas anesthesia, January 31, the acutely infected 
and gangrenous appendix was removed; drains were inserted, and the inci 


sion was partially closed 

February 1, there were detinite signs of consolidation of the right lower 
lobe. The temperature rose from 102 to 104 F., the pulse from 90 to 121 

February 2, the temperature continued high, ranging from 99.5 to 103 and 
104 F., and two days betore death it ranged from 102 to 105 At the same 
time, the pulse became rapid and stayed above 120, later gradually reaching 
from 130 to 140. The respirations were rapid, trom 30 to 40 and 45 a minute 

The patient continued to do badly with a large amount of discharge from 
the operative wound. February 6, there was a severe hemorrhage from the 
yound, and the patient promptly died 

Necropsy Was dk 
found consolidated in patches with thin fibrinous exudate over the surface 


The pleura of the lower lobe was purple and dull; elsewhere, it was gray and 


ne two and one-half hours after death. The right lung was 


glistening The lymph nodes of the hilum were not enlarged. The lung was 
partially air containing. On section, in both upper and lower lobes, one found 
numerous small yellowish opaque spots, bronchial in distribution and slightly 
elevated above the general cut surface with a small portion of surrounding 
f hemorrhage The entire lung 
was wet and heavy. Small areas were easily palpated. From certain of the 


consolidated lung. There were also areas 


larger bronchi, pus escaped; the intervening lung was dark purple 

The other lung was free from such changes and was air containing 
throughout. 

In addition, there was found an acute peritonitis in the right lower quadrant 
and an ascending pylephlebitis. The small veins of the mesentery leading from 
the appendix and cecum were filled with pus. In the liver, small abscesses in 
the portal veins were quite numerous. There was a large suppurating thrombus 
mass in the portal vein where it joined the splent he splenic vein and the 
veins draining the greater portion of the intestine were, however, free from 
pus or thromboses. 

Microscopically, the pneumonia was bronchial in distribution. The bronchi 
and bronchioles were dilated and filled with a fresh leukocytic exudate. The 
walls of the small bronchi and bronchioles were infiltrated with plasma and other 
mononuclear cells and fibrin, which extended into the surrounding alveolar 
walls. The lining of the air channels in places was found ulcerated and con- 
tained an organizing fibrinopurulent exudate. The alveoli contained a cellular 
and fibrinous exudate made up largely of neutrophilic polymorphonuclear 
leukocytes and a few large phagocytic mononuclear cells. There was also 


on 
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auch hemorrhage, and the vessels were generally engorged. There was hyper 
nlasia here and there of alveolar epithelium, which was found in 1] 


arge clumps 
nd masses. In a wider zone, 


hemorrhage was more conspicuous, but cellular 
<udate was essentially the same 


Many patches of pneumonia were under- 
ing organization. In the 


leukocytes, many tiny influenza bacilli were found 
his case was apparently a pure influenza pneumonia of some duration. The 
taphylococcus found in the lung can be explained as a result of the bacteremia 
th this coccus, as there 1s no evidence of a 


Staphylococcus aureus and Bacillus « 


staphyloc occus lung infection 


oli were recovered from the pe ritoneal 


date. Gram-positive coce1 and gram-negative bacilli also were found in the 
of the liver abscesses, but cultures were negative 


Gram-positive cocc! 


vo 


Fig. 2 (Case 5).—Bronchiole dilated, ulcerated and filled with pus ; 


fibrinous 
xudate in surrounding alveoh, 


and mononuclear exudate m bronchiolar wall 
ind gram-negative bacilli were seen 


in pus from the lung, but only the 
which proved to be 


Staphylococcus aureus, 
was found in the blood by culture. 


coccus, 


grew out. Staphylococcus aureus 


Case 5.—A colored man, aged 23. entered the Allegheny General Hospital, 

Feb. 6, 1924, complaining of pain in his right side. The past history was 
unessential, The patient had been well until February 1, when he had dev loped 
a general malaise and discomfort in the right chest Two days later, he had 
had a distinct chill and coughed up a good 
pain in the chest during respiration had 
about the same time, there had 


deal of yellowish sputum rhe 
developed at the same time, and, 
been marked dyspnea. 
On examination, six days after onset, the temperature was 103 F.: the pulse 
was 120, and respirations were 068. There 
being larger than the left) and typical signs of consolidation of the middle and 
lower lobes of the right lung. The heart was negative ; the abdomen was 
distended, and reflexes were sluggish. 


was anisocoria (the right pupil 
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Laboratory reports, on admission, were that the urine was acid; the 
specific gravity was 1.020; there was a heavy cloud of albumin and many red 
blood cells and hyaline casts. The red blood cells totaled 4,300,000; the white 
blood cells, 15,560; the hemoglobin was 80 per cent. 

The temperature ranged from 103 to 104 F.; the pulse was from 120 to 130 
and the respirations were from 50 to 68 

The second day in the hospital, February 7, the patient’s condition was 
poor, with signs of extension of the pneumonia to the upper right lobe. The 
systolic blood pressure was 120, the diastolic 75. The blood culture contained a 
Type IV pneumococcus. The fever continued high, from 104 to 105 F., with 
rapid pulse and respirations 


Fig. 3 (Case 5).—Bronchiole dilated and filled with pus; peribronchiolar 


infiltration by mononuclear cells. 


The patient died, the third day in the hospital. 

At necropsy, both lungs were found partially consolidated with fibrinous and 
bloody exudate and adherent surfaces. The hilum nodes were swollen, and the 
bronchial mucosa was markedly reddened and swollen. The bronchi contained 
much frothy fluid. In the right lung, on section, a gray patch of consolidation 
was found near the hilum, and it merged into a soft, boggy, reddened sur- 
rounding tissue. A second large patch of red consolidation was found in 
the base on the median side. It gradually faded into the surrounding pink lung. 
On further sectioning, these irregular patches were found to extend through the 
upper and lower lobes with here and there other areas. The intervening lung 
was generally soggy. In the latter areas, one found small peribronchial areas 
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of consolidation. In the inferior lobe of the left lung were found similar 


patches of consolidation. The upper lobe was air containing. The other gross 


findings were unimportant. 

In sections, the small bronchi and bronchioles were filled with pus, but 
were not particularly distended. Here and there, the air passages had ulcerated, 
ind purulent exudate was adherent to the denuded surfaces The swollen 
walls were infiltrated with plasma cells and leukocytes, and the vessels wert 
engorged. The surrounding alveoli were filled with leukocytes, large mono 
nuclear cells and fibrin, also a good deal of fluid in places, and the walls 


were necrotic in places Peribronchial hemorrhages were found. The inter- 


vening lung tissue was filled with fluid with from a few to many celis and 
some hemorrhage. In sections from the larger consolidated areas, one found 
similar bronchial changes, but the striking feature was the polymorphor ucleat 
ind fibrinous exudate filling the alveoli, characteristic of the pneumococcus 
Scattered through all sections, a fair number of large mononucleat and plasma 
cells were found. The pleural exudate was fibrinopurulent Small gram 
negative bacilli, morph logically like Bacillus influencac, were found in the 


ronchial exudate of the fo al areas 


CHARACTERISTI PATHOLOGY 


fhe gross pathology of the lungs in these cases was characteristic 
ind corresponded to descriptions of the pneumonias caused by the 
influenza bacillus, as recorded by Pfeiffer in so-called recurrences ot 
epidemic influenza in 18% 1892, and by Wolbach,* MacCallum, (00d 
pasture and Burnett * and others, during the pandemic of 1918. Since 
there is no evidence of a concurrent infection simulating epidemic 
influenza accompanying the onset of the present infections with 
B. influenzae, it seems possible to draw definite conclusions as to the 
lesions produced by this bacillus without this complication, and, in this 
way, a clearer idea may be gained of its pathogenicity and a better 
estimate of its importance as an agent in the recent pandemic of 
influenza. 

Gross Appearance of the Lungs.—In no instance was there a notable 
excess of fluid in the pleural cavities. The involved lobes were moder- 
ately voluminous, felt fairly uniformly consolidated, and presented 
usually a smooth, purple, moist pleural surface. In those portions in 
which the pneumococcus Was active. there was superimposed the usual 
shaggy fibrinopurulent exudate. But this was a minor feature, even 
in a lobe completely consolidated by exudate of the kind associated with 
pneumococcus infection. Qn the cut surface, an entire lobe presented a 
quite uniform change. Almost every bronchiole was outlined distinctly 
by a gray zone of consolidation, from 1 to 3 mm. in diameter. ‘The 
bronchiole in the center of the patch seemed to be distended with 


a droplet of yellow pus, and similar pus could be expressed from the 


3. Wolbach, S. B.: Bull. Johns Hopkins Hosp. 30: 104 (April) 1919. 
4. Goodpasture, E. W.. and Burnett, F. L.: U. 5. Nav. M. Bull. 13:177 


(April) 1919. 
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small bronchi. The intervening alveoli were usually filled with sero- 
purulent or hemorrhagic exudate, so that there was very little air 
containing tissue in the involved lobe. In one case, this interbronchiolar 
exudate was not present, and, in another, the lobes thus involved were 
filled with blood, obscuring, in the more central portions, the per 
bronchiolar nodules which were quite conspicuous about the periphery. 

The distinctive feature of the gross appearance was the gray peri- 
bronchiolar areas of consolidation with a semifluid yellow pus within 


the lumina of the bronchial tree. These nodules were not hard and 
only shghtly elevated. This appearance of a lung may be relied on, 


we believe, in diagnosing an influenza bacillus pneumonia from the 
gross specimen. Smears from a droplet of pus in the bronchial tree 
show great numbers of small gram-negative bacilli within leukocytes 
or extracellular. The type of alveolar exudate and its extent varies 
in different cases, and the influenza bacillus may cause a diffuse 
purulent exudate, in certain instances, as was exhibited in one of the 
cases under consideration, which obscures the characteristic —peri- 
bronchiolar nodules 

Microscopic Appearance— The inflammation is quite distinctive. 
The smaller bronchi and bronchioles appear to be dilated, and their 
lumina are filled with plugs of closely packed polymorphonuclear 
leukocytes. Characteristically, the mucous membrane of bronchioles 
is ulcerated in places and covered, at these points, by a fibrinous exudate. 
The bronchial and bronchiolar walls conspicuously contain a cellular 
exudate and are thickened. In early stages, polymorphonuclear leuko- 
cytes are the most numerous; later, they are replaced by cells of the 
lymphocytic series, the characteristic type being a rather large baso- 
philic variety which resembles the plasma cell, but is usually larger. 
These can be found in mitosis locally. Smaller lymphocytes are present 
in varying numbers 

The alveolar walls immediately surrounding the involved bronchi 
and bronchioles seem compressed laterally, and are filled with plugs 
of dense fibrin with little or no cellular exudate. The alveoli, at the 
termination and about the bronchioles, are filled with a polymorpho- 
nuclear cell exudate with little fibrin. The changes in intervening 
alveoli vary. In one case, they were air containing, the lesion being 
rather sharply restricted about terminations of the bronchial tree; in 
another, there was extensive hemorrhage, involving a large part of a 
lobe ; in another, there were focal areas of necrosis of alveolar walls, 
circumscribed hemorrhages and a more or less diffuse serous and 
purulent exudate. Fibrin was inconspicuous, except in alveoli immedi- 
ately about the bronchi and their terminations, where it constituted an 
essential part of the microscopic picture. While it was evident that 
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an infection by the influenza bacillus could produce destructive changes 
of alveolar walls, with a variable exudate within them, there did not 
appear to be any change in these intervening structures which was 
constant or typical for such an infection. The walls of the larger 
bronchi and the mucosa of the trachea presented varying degrees of 
inflammatory change, but never so severe as that in the terminal air 
tubes. In no case was there found a hyalinized fibrinous membrane 
lining the alveolar ducts, such as was found during the recent pandemic. 

Changes in Other Organs and Tissues.—The bronchial lymph nodes 
were enlarged and succulent. Microscopically, in these nodes and in 
the splenic pulp, there was active mitosis of the cells of the lymphocytic 
series, with the production of numerous basophilic forms like those 
found in bronchial walls. Similar cells were present also in noticeable 
numbers within sinuses in the liver. The spleen was of normal size or 
only slightly enlarged. It might contain small hemorrhages. 

The kidneys presented no change other than parenchymatous 
degeneration, except in Case 5, in which there was an intracapillary 
glomerular nephritis. In Case 1, which appeared to be essentially an 
influenza bacillus infection, although there was a pneumococcus pleuritis 
in one area, small focal myocardial necroses were present in sections of 
the left ventricle. 

The suprarenal glands, in two instances, showed extensive parenchy- 


matous degeneration particularly in the fascicular zone, but no actual 
necrosis. 

The testes, in two cases, showed a condition of aspermatogenesis 
with shrinking of seminiferous tubules, such as has been described in 
association with influenza. ¢ Mtherwise, no changes worthy of note were 
encountered outside the respiratory system. 

Comparison of Pathologic Anatomy with that of Fatal Cases of 
Influensa Associated with an Influensa Bacillus Pneumonia During 
Pandemic of 1918—The pathology of the five cases described differed 
grossly from that seen in the epidemic with a pneumonia of comparable 
duration, in the absence superficially of cyanosis, subcutaneous emphy- 
sema, and necrosis of abdominal rectus muscles. There was a con- 
spicuous absence of the wet, boggy frothy condition of the lungs and 
of the spongy appearance caused by dilatation of alveolar ducts. Fluid 
exudate was not so prominent. Interstitial emphysema was not 
observed. Microscopically, the lesions produced by the influenza 
bacillus, in the lungs of these patients, seem identical with those found, 
during the epidemic, in association with this micro-organism, with the 
exception of the acute toxic stage, consisting of dilated alveolar ducts, 
the deposition of a hyaline membrane and an exudation of fluid. These 
acute lesions have been considered by several pathologists to be 
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independent of the bacterial invasion of the lung, as ordinarily found, 
and have been attributed, especially by Wolbach and Frothingham ° 
and by Goodpasture," to the virus of influenza, which is considered by 
them as an infectious agent distinct from the influenza bacillus and 
other secondary invaders of the lung. The absence, in these cases, of 
a toxemia comparable to that of epidemic influenza and of lesions 
attributable to an intoxication, such as necrosis of striated muscle, the 
characteristic acute changes in the lungs and necrosis of the suprarenals, 
may be considered as further evidence of a complete etiologic inde- 
pendence of epidemic influenza, the influenza bacillus present in certain 
cases being one of the many secondary invaders that attack the stricken 
individual. 

The influenza bacillus in acutely infecting the lungs, as found in these 
five cases, does not alone cause a dilatation of alveolar ducts and a 
partial lining of them by a hyaline membrane, associated with a serous 
exudate. Since this lesion was found as a part of the pneumonic process 
in early stages of pneumonia accompanying influenza in 1918, it has 
not been observed by the writers in any condition of the lung of whatever 
etiology, until quite recently it was found characteristically in two cases, 
and under circumstances which have enabled us to formulate an opinion 


as to its nature and the conditions under which it may be brought about. 


Case 6.—A boy, aged 9, died of a hemolytic streptococcus bacteremia follow- 
ing an acute mastoiditis and septic thrombosis of the internal jugular vein on 


the right side. The lungs presented many small areas of embolic pneumonia, 
in which streptococci were present, evidently arising from emboli from the 
thrombosed jugular vein. These lesions were circumscribed, and intervening 
alveoli were little affected. There was no passive congestion. In one micro- 


scopic section of the lung, there was a wedge shaped area with its base 
measuring 1 cm. at the periphery. In this area, the alveoli were filled with a 
serous exudate in which delicate strands of fibrin had formed. The alveolar 
ducts were dilated, and on their walls and those of certain neighboring alveoli 
was a hyaline membrane in every way identical in appearance with that pre- 
viously seen in the pneumonia of influenza. Within this area, there was no 
evidence of a primary bronchial infection which might have played a part in 
its formation. No similar condition was present in other portions of the lung 

It seemed evident from an examination of this specimen that the lesion 
in question may be brought about independently of a primary bronchial infection. 
The shape of the area suggested its dependence on an interference with the 
vascular supply of the part, and the circumstances were such that it seemed 
probable that an embolus from the jugular vein had recently intercepted the 
branch of the pulmonary artery supplying it, resulting in an injury to the 
capillary bed with an exudation of fluid containing a certain amount of fibrogen 
Fibrin was probably rapidly formed, and the serum that poured freely into the 
alveolar ducts could flow out leaving strands of fibrin which adhered to the 


5. Wolbach, S. B., and Frothingham, C.: Influenza Epidemic at Camp 
Devans in 1918; Study of Pathology of Fatal Cases, Arch. Int. Med. 32:571 
(Oct.) 1923. 

6. Goodpasture, E. W.: Am. J. Med. Se. 158:863 (Dec.) 1919. 


4 
a 
4 


BRANNAN-GOODPASTURE—INFLUENZAL PNEUMONIA 753 


walls and became fused. Fibrin, under these conditions, as in the hyaline 
membrane of diphtheria, may lose its fibrillar structure and characteristic 
staining reactions. 


Cast 7.—A white girl, aged 25, had been in the Allegheny General Hospital 
on two admissions. The first time, she entered primarily because of an acute 
pelvic inflammatory disease. While she was in the hospital, it was discovered 
that there was an extensive left sided pleural effusion, which, however, was 
not drained. There were no respiratory symptoms recorded, and after the 
pelvic inflammatory disease subsided, she went home. 


Fig. 4 (Case 6).—Hyaline fmembrane lining alveolar ducts and alveolar 
walls; absence of cellular exudate; serum and delicate strands of fibrin fill 
the alveoli. 


The patient entered the hospital a month after discharge with marked symp- 
toms, namely, dyspnea, cyanosis, and edema of the left side of the body. There 
were definite signs of fluid in the left pleural cavity. The thorax was tapped, 
and 1,000 c.c. of turbid fluid removed. Two days later, she died. There was 
a marked tachycardia during both admissions, the rate being 110, 120, 130 and 
140 while she was in bed. The temperature reached 100 F. only twice during 
the first admission, generally ranging from 98 to 99 and 99.5. During the second 
admission the temperature was from 98 to 102. 

At necropsy two hours after death, the left side of the face, most of the 
neck, left chest, left arm and forearm, and to a slight extent the hand, showed 
a marked brawny edema. The thoracic cavity and pericardial sac were filled with 
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a cloudy fluid. The left lung was completely atelectatic, and the right partially 
so with patches of apparent consolidation in all lobes. The right auricle was 
dilated, and the heart otherwise, in the gross, was negative. The large thoracic 
veins were engorged. The thyroid gland was greatly enlarged and completely 
surrounded the trachea. The enlargement was due primarily to multiple 
adenomas, from eight to ten in number, ranging in size from 0.75 mm. to 3 cm. 
across. The trachea was compressed. The blood vessels of the arm and neck 
were not engorged. Edema, in the gross, appeared to be due to a lymphatic 
obstruction. There was evidence of a low grade pelvic peritonitis. Gross 
findings were otherwise unessential. 


Fig. 5 (Case 7).—Hyaline membrane on walls of alveolar ducts; no cellular 
exudate. 


Microscopic examination revealed that, in the right lung, there was no 
evidence of pneumonia in the ordinary sens« rhe alveoli were packed in 
large areas by large phagocytic fat containing mononuclear cells, with here 
and there a few scattered neutrophilic polymorphonuclear leukocytes. The 
alveolar walls were found thickened, and the lining cells were undergoing 
proliferation. These changes were most conspicuous about the bronchioles. 
The alveolar walls contained in places plasma cells, and about some of the 
air passages were round cells. There was evidence of organization of the 
alveolar exudate in places; no fresh fibrin was found. Another striking fea- 
ture was a widespread hyalinized membrane lining the distended alveolar 
ducts and adjacent alveoli. The membrane was identical with the one found 
in the lung of the boy described above. The hyalinized membrane did not 
show the fibrin reaction with phosphotungstic acid. There was also more or 
less coagulated thick serous exudate with a few cells in many of the alveoli 
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ipparently representing a more acute and advancing lesion. There was very 


little evidence to indicate that the lesion started in the bronchi or bronchioles, 
. they contained very little exudate and this was widely scattered and the 


nithelial linings were intact The capillaries contained from a few to many 
eukocytes, and some were thrombosed. One fair sized pulmonary artery Was 
und with a partially occluding organizing thrombus. The sections from 


» leit lung showed typical atelectasis ; there was no hyalinized membrane 
he myocardium from the right and left ventricles contained a good deal ot 
areas of focal necrosts, and fibrosed patches 


COMMENT 


Phe eecurrence of this lesion, it seems, may depend entirely on a 
ild injury to the capillary bed in a part of the lung, and the possibility 
suggested that in influenza, in certain of the more severely intoxicated 
dividuals, such an injury may have resulted irom a circulating toxic 
vent which acted injuriously on the capillary bed of the lung from 
cithin, as it must have injured also the abdominal rectus muscles, 
vhich not infrequently became necrotic and ruptured. This expla- 
ation would make this initial pulmonary lesion a part of influenza 
tself, and would provide an anatomic basis for the favorable ¢ maditions 
chat undoubtedly existed for secondary invasions of the lung by various 
types of bacteria, including Bacillus influensae , and evidence is accumu- 
ating that there is a primary influenzal injury and inflammation in the 
omplicated pathologic process that constituted the pneumonias of the 
recent pandemic. 

\ study of the group of cases which .we have described does not 
Show that the influenza bacillus can initiate an infection of the respira- 
tory tract in adults. \lways there was an accompanying infection, 
usually by the pneumococcus, which may have been the first infector 
preparing the way for the influenza bacillus. When once the influenza 
hacillus gains a foothold within the lungs, it is very pathogenic and 
causes a characteristic pneumonia, which may be fatal. 

The influenza bacillus is very frequently present in secretions from 
various kinds of respiratory infections, yet it has rarely been reported 
in fatal acute bronchopneumonias in adults. In an epidemic of an 
acute respiratory infection in Chicago, in 1908, Davis * cultured the 
bronchial exudate from twenty-six cases complicated — by broncho- 
pneumonia and found the influenza bacillus in ten instances, in most of 
which they were the predominating organism. The influenza bacillus 
apparently played no part in initiating that epidemic, but appeared late 
in the disease and always in association with other organisms, such as 


the pneumoct cCUS and streptococcus. 


7 Davis. D. J.: Influenza and Influenzal Pneumonia, Arch. Int. Med 
2:124 (Sept.) 1908; J. Inf. Dis. 10:259, 1912. 
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CONCLUSIONS 

1. The influenza bacillus may be an important agent in the production 
of bronchopneumonia in adults during a period in which there is no 
evidence of an epidemic of influenza. 

2. It usually invades the lung in association with infections by the 
pneumococcus or other bacteria which were probably the primary 
agencies of the disease in which the influenza bacilli were found. 

3. The influenza bacillus produces characteristic lesions in the lung, 
recognizable grossly and microscopically. The lesion ts essentially a 
bronchitis, ulcerative bronchiolitis, and bronchopneumonia with a ten- 
dency to chronicity and to the formation of bronchiectatic abscesses. 

4. Acute infections with an influenza bacillus may not be associated 
at any stage with a profound toxemia, nor may there be lesions of toxic 
origin, as were found in the pneumonias of the influenza pandemic of 
1918. 

5. The influenza bacillus is to be considered as one of the important 
secondary invaders of the lung causing a bronchopneumonia which may 
terminate fatally. 

6. The hyaline membrane that occurred so characteristically in early 
influenzal pneumonia in the past pandemic has been demonstrated 
typically in two cases in which an influenzal infection could have played 
no part. This lesion is probably due to an injury to the pulmonary 
capillary bed, and its frequency in influenza is attributed to a toxic 
injury to the capillaries of the lung from a circulating poison generated 


by the etiologic agent of this disease. 
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FAMILIAL BLOOD DYSCRASIAS * 


LAIRD M. MORRIS, M.D. 
AND 
ERNEST H. FALCONER, M.D. 


SAN FRANCISCO 


Familial blood diseases are, in many instances, directly related to the 
hemolytopoietic system, the special pathology of which is but meagerly 
inderstood. The physiologic activity of this system controls the cellu- 
ir elements of the blood by maintaining a proper balance between blood 
ell formation and destruction. 

The reticulo-endothelial system would seem to comprise the most 
mportant portion of the hemolytopoietic mechanism, and consists of the 
ndothelium and related reticular cells of the spleen, lymph and hemo- 
yvmph glands, the star cells of the liver and the reticulo-endothelium of 
the bone marrow. The large, wandering endothelial cells are best 
onsidered in this system. In the embryo, the liver and spleen contribute 
to the formation of red blood cells, whereas in postnatal life the bone 
narrow constitutes the essential seat of the formation of most of the 
ellular blood elements, unless protracted strain causes a reversion to 
the embryonic functions of red and white cell formation. Normally, 
the greater part of the hemolysis of the red cells takes place in the 
spleen, but under abnormal conditions the hemocidal process becomes 
excessive in other parts of the reticulo-endothelial apparatus. The 
endothelial cells which line the blood spaces probably function in a 
unique way in this respect. The blood making organs or hemopoietic 
system are a specialized part of the reticulo-endothelial system. Such 
a conception is tenable with Maximow’s theory of the origin of primitive 
blood cells, which result from differentiated endothelial cells in the 

area vasculosa of the developing embryo. 

Gaucher's familial splenomegaly seems quite definitely related to 
an abnormal reticulo-endothelium system, if we assume that the large 
pathologic Gaucher's cells are of endothelial origin. Familial hemolytic 
jaundice, on the other hand, seems quite definitely related to abnormal 
hemolysis within the same system. Less obvious, however, in relation 
to the physiologic pathology of the hemolytopoietic system, are certain 
family anemias and certain familial splenomegalies. 

Efforts at proving a constitutional disposition toward certain disease 
must necessarily eliminate common toxic and infectious factors. With 

*From the Department of Medicine, University of California Medical 
School. 
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such an approach in mind, family disease as such presents a degree ot 
clinical proof of constitutional disposition toward that disease. More 
specifically, we speak of a constitutional asthenia of the bone marrow in 
certain blood dyscrasias, realizing we so speak in the abstract. Like- 
wise, we speak in the abstract when referring to certain families pre- 
disposed to early hypertension and arteriosclerosis but clinical experi- 
ence causes us to respect such terms. There is no explanation other 
than: “In the makeup of the machine bad material was used for the 
tubing” ( Osler). 

It seems important to review brietly the field of family blood abnor- 
malities and to report and discuss a few cases recently studied. The 
future will decide the part constitutional disposition plays in certain 


blood dyscrasias, only after entire families have been intensively studied. 


FAMILIAL AND ACQUIRED HEMOLYTIC ICTERUS 

In this malady the brilliant results of splenectomy leads one to 
suspect that the primary causative factor lies in the hemolytopoietic 
mechanism, the spleen being an essential factor in the pathogenesis. On 
the contrary, it is noted that the fragility of the erythrocytes does not 
always return to normal after splenectomy; this fact adds weight to a 
primary involvement in the structure of the red blood cell. F-xcluding 
an infectious group, two types of hemolytic jaundice are recognized. 
One, the congenital form which may involve families for three or four 
generations, but does not seem to follow the mendelian law of dominant 
and recessive characters; a second, the acquired idiopathic type, which 
makes itself manifest usually in adult life and produces symptoms of a 
graver character. In the acquired type, however, the pathogenesis 1s 
probably similar to the congenital form with the exception of recently 
reported hemolysins in the serum which need more intensive study, 
especially during the crises. Many congenital patients complain of few 
discomforts save jaundice. Others of the same family may suffer 
more intensively, even to a point where splenectomy is indicated ; some 
members may escape the disease entirely. 

The symptoms depend primarily on the degree of hemolysis present. 
Patients with mild types complain of an abnormal icteric color, slight 
anemia and some loss of strength. Patients with severe types, however, 
suffer from intermittent crises of deglobulization, paroxysmal massive 
red cell destruction. These attacks are evidenced by malaise, headache, 
vomiting, abdominal pain, rapid enlargement of the spleen, anemia and 
urobilinuria. The morphologic character of the red cells shows evi- 
dence of rapid destruction, microcytes and tailed cells. Compensation by 
the marrow as an offset for the blood loss is manifested particularly by 


an abnormal percentage of reticulated cells, occasional nucleated red 


cells, polychromatophilic cells, leukocytosis, and an increase in the blood 
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plates. With a rising hemolytopoietic balance ( Schneider ' and Krumb- 
haar *) little anemia persists. With a lost hemolytopoietic balance, how- 
ever, a severe anemia results. Splenectomy is offered as a means of 
relief for those individual patients ill enough to be handicapped by their 
condition, 

Histopathologic sections of spleens removed have shown no specific 


changes. Congestion of the splenic pulp and dilatation of the sinusoids 
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Fig. 1.—Section of tibia marrow. The cellular activity here shown is con- 
sidered approximately normal for a young adult. 


Death occurred during a 
severe asthmatic attack. 


are the outstanding features. Most spleens are enormously enlarged. 
The capsules usually present evidences of perisplenitis. Both the liver 
and bone marrow contain much hemosiderin. The marrow is hyper- 


1. Schneider, J. P.: Further Quantitative Study of the Duodenal Blood 
Derived Pigments, Arch, Int. Med. 19:156 (Jan.) 1917. 


2. Krumbhaar, E. B.: Am. J. M. Sc. 166:329 (Sept.) 1923. 
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plastic. Calculi are common in the gallbladder. A recapitulation of 
modern views on hemolytic icterus is given by Tileston.® 

The family grouped below illustrates a type of family acholuric 
jaundice, which varies decidedly from the typical picture. 


REPCRT OF CASES IN ONE FAMILY 


A member of this family has been under the care of one of us for the last 
three years. The patient, a woman, aged 20, has complained of headaches, 
irregular menstruation, nervousness and the passing of a very dark colored urine. 
The family history is interesting, in that the grandfather died at the age of 
52, from what was thought to have been “heart trouble.” He is stated to have 
had “chronic jaundice” during his entire life 

The father of the patient had an attack of jaundice at the age of 12 years, 
lasting for two weeks. Since this attack, he has had an average of two or 
three attacks of jaundice yearly, usually accompanied by a “cold.” At the 
age of 32, he had an attack of extreme dyspnea, lasting for eight days. At 
that time he entered a hospital in Hamburg, Germany, and during the illness 
his physicians advised him to have the spleen removed. There was a history 
of yellow sclerae and dark colored urine at frequent intervals since the age 
of 12 years, also chronic “indigestion” during the major portion of his life. 
This last complaint has been characterized by flatulence and nausea during 
recent years 

There were three brothers in the family, aged 29, 23 and 9 years respectively. 
The eldest brother had an attack of sharp epigastric pain at the age of 19, 
and entered a hospital where a diagnosis of acute appendicitis was made. He 
refused to be operated on at that time. He has had trouble with gas for years, 
and during the last three or four years he has had pain beneath the right costal 
margin and low down over the chest on the right side in the region of the 
lower ribs. He states that he has noticed an occasional yellow tint of the 
with the passage of dark colored urine during the last five years. He 


sclerae, 
sclerae before this 


does not remember noticing dark colored urine or yellow 
time. In early adult life he had very frequent and profuse nosebleeds. 

The second son, aged 23, had “yellow jaundice” at the age of 3 years. During 
the last four years, he has had frequent headaches, and has noticed the passage 
of dark colored urine for the last six or seven years 

Che laboratory reports of these patients are as follows: 


Case 1—(Father). Wassermann test, negative. Fragility test, complete 
hemolysis: 0.23; partial hemolysis, 0.45; hemoglobin, 78 per cent.; red blood 


cells, 4,420,000: white blood cells, 9,600. Differential: |Polymorphonuclears, 
68 per cent.; lymphocytes, 20 per cent.; polymorphonuclear eosinophils, 4 per 
cent.; large mononuclears and transitionals, 8 per cent.; reticulated red cells, 
2.9 per cent. 

Case 2.—(Eldest son). Hemoglobin, 85 per cent.; red blood cells, 4,660,000; 
white blood cells, 7,600; differential: polymorphonuclears, 78 per cent.; lympho- 
cytes, 19 per cent.; large mononuclears and transitionals, 3 per cent.; reticulated 
reds, 3.1 per cent. The Wassermann test was negative in both antigens. Fragil- 
ity test: Complete hemolysis, 0.3; partial hemolysis, 0.45. 

Case 3.—(Second son). The Wassermann test was negative in both antigens. 
Hemoglobin, 90 per cent.; white blood cells, 9,000: red blood cells, 4,880,000; 
differential: polymorphonuclears, 73 per cent.; polymorphonuclear basophils, 
1 per cent.; polymorphonuclear eosinophils, 1 per cent.; lymphocytes, 20 per 
cent.: large mononuclears and transitionals, 5 per cent.; reticulated reds, 2 
per cent. Fragility test, normal. Platelet count, 188,500. 


3. Tileston, Wilder: Medicine 1:355 (Aug.) 1922. 
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The urine of the father and of the two sons was negative for albumin, sugar 
ind casts; negative for bile, but all three were positive for urobilin, according 
to Schlessinger’s test. 

At the time these three members of the family were examined, the father 
iad a definite icteric tinge to the sclerae, and the eldest son likewise. In the 

ise of the second son, no definite icteric tinge to the sclerae could be made 
ut. The spleen was palpable, however, in all three. 

Cast 4.—The third son, aged 9 years, was examined. There was no history 
f his having jaundice or icteric sclerae, or dark colored urine. His blood 
ndings were normal and the spleen was not palpable. 


Fig. 2.—Tibia marrow smear of a patient with congenital hemolytic icterus. 


Note normoblasts. This marrow approached a true hyperplasia of the red cell 
elements. Age of the patient, 18 years. Smear obtained before splenectomy. 


Case 5.—The daughter, who is the patient under consideration, was born 
in Germany and came to California at the age of 11 years. She had “yellow 
jaundice” at the age of 5 years, and was sick for about two and one-half weeks. 
There is a history of influenza in 1918, but the attack was not severe and there 
were no complications following. She has had no operations. Catamenia 
began at the age of 16. There was no irregularity at first and the periods 
lasted from two to three days, but during the last two years, there has been 
marked irregularity. When the patient was first seen, the menstrual periods 
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had nearly ceased and she had gained considerably in weight. Since the age 
of 5 years, she noticed periods when the urine would be very dark and the 
sclerae jaundiced. During the last two years, attacks of headaches had been 
frequent, at times accompanied by dizziness. She also had nosebleeds which 
at times were quite severe. 

Physical examination disclosed an icteric tinge to the sclerae and distended 
venules over the malar eminences. The skin of the face was very soft and of 
satin-like quality. There was marked obesity present, with the distribution 
chiefly over the upper half of the body and about the hips. The heart and 
lungs were negative. The liver and spleen were both palpable; the spleen being 
enlarged 5 cm. below the left costal border in the anterior axillary line. This 
patient’s Wassermann test was negative on three or four occasions. The bleed- 
ing time was normal and the coagulation time normal. The fragility test was 
repeated several times and always found to be normal. Blood hemoglobin, 
85 per cent. Red blood cells, 4,000,000. White blood cells, 7,000. Differential 
count: polymorphonuclears, &9 per cent.; lymphocytes, 7 per cent.; large mononu- 
clears and transitionals, 4 per cent.; platelets, 500,000 per cubic millimeter. 


reticulated red blood cells, 20 per cent. The urine was very dark in color; 
negative tor sugar and albumin; no bile, acetone or urobilin were present. 
Roentgen-ray examination of the long bones was negative. Skull: the sella 


was rather small and apparently roofed over; the skull otherwise was negative. 


It is felt that this interesting family, undoubtedly, should be classi- 
fied as a typical congenital hemolytic icterus. The absence of increased 
fragility of the red cells does not preclude such a diagnosis. None of 
the members of this family have been much disturbed by their disease 
with the exception of the daughter, the patient under consideration. 
None of them have been willing to undergo a splenectomy, and it cannot 
he said that indications for a splenectomy have been urgent in any 


members of the family. 


FAMILY ANEMIAS 

We have, in the foregoing, briefly summarized our present knowl- 
edge of hemolytic jaundice, for such information leads directly to a 
consideration of less common familial blood dyscrasias. 

Hemolytic jaundice of a severe type may, because of a noncom- 
pensating hemopoietic system, exhibit a profound anemia of the per- 
nicious type in the terminal stages. Modern writers acknowledge a 
type of primary anemia which is characterized by slight icterus, enlarged 
spleen, evidences of excessive hemolysis and a more or less sluggish 
response of the marrow. “It would seem that the least compensated 
cases of the acquired type of hemolytic icterus are, in some way, related 
to the more chronic hemolytic types of pernicious anemia, and it may 
at times be difficult to distinguish which condition is present” ( Minot *). 

Weber * reports a case of acquired acholuric jaundice with retinal 
hemorrhages, parathesias and an achlorhydria, the blood picture of 
which at one time resembled that of pernicious anemia. Weber is con- 


4. Minot, George R.: Oxford Medicine 2:640, 1921, New York, Oxford 
University Press 


5. Weber: Am. J. M. Sc. 138:24, 1909. 
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vinced that patients with congenital hemolytic icterus may at times com- 
pletely lose the jaundice, and have a c indition of splenomegalic anemia 
only, and that in the same family one child may suffer from hemolytic 
‘aundice and another from chronic splenomegalic anemia. Hill® feels 
that there is a type of case in which it is impossible to diagnose other 
than pernicious anemia, but in this the spleen is 1arger than the ordinary 
case, pigmentation of the skin more marked and the red blood cells 
show decreased resistance to hypotonic salt solutions. Finally, family 
icterus and pernicious anemia can exist in different members of the same 
family as illustrated in Family “B” in a manuscript by Elliot and 


Kanavel.? In the fourth generation of this family, one patient died of 
pernicious anemia, another was intensely anemic and a third suffered 
from hemolytic jaundice. On the other hand, it is impossible to classify 
certain anemias as acholuric or pernicious as illustrated by Case & in 
series by Panton, Jones and Riddoch.* In this type there were 
»rominent charactersitics of each disease but the predominance of evi- 
dence seemed to favor pernicious anemia. The history shows that three 
members of the mother’s family died of a similar type of anemia. 

It is unnecessary to draw a minute comparison between the two 
liseases, progressive pernicious anemia being quite dissimilar in regard 
to its symptoms, prognosis and treatment. Both diseases are classified 
as hemolytic anemias and both show excessive deposits of hemosiderin 
in the internal organs. Both diseases attempt compensation by a hyper- 
plastic hemopoetic system although both the blood and marrow pictures 
are quite different. .\ family characteristic of pernicious anemia, while 
rarely seen, does definitely exist as does primary anemia and hemolytic 
icterus in the same family. 

We attempt to throw no new light on the causation of pernicious 
anemia. which still remains a disease of unknown origin, but we do 
wish to stress an hereditary factor, which manifests itself perhaps as a 
constitutionally inferior hemopoietic system in some of our obscure 
essential anemias. 

CASE REPORTS 

\ constitutional disposition seems to have been a factor in certain 
cases under review. Schmaltz quotes Klein ® who saw a brother and 
sister succumb to progressive pernicious anemia. Sinkler and Eshner * 

6. Hill, Lewis W.: The Resistance of the Red Blood Cells to Hypotonic 
Salt Solution in the Various Anemias, Arch. Int. Med. 16:814 (Nov.) 1915. 

7. Elliot, Charles A., and Kanavel, Allen B.: Surg., Gynec. & Obst. 21:21, 
1915. 

8. Panton, P. N.; Maitland-Jones, A. G.: Riddoch, G.: Lancet 1:529 (March 
15) 1924. 

9. Klein, quoted by Schmaltz: Nothnagel’s Encyclopedia of Practical Medi- 
cine on Diseases of Blood, Philadelphia, W. B. Saunders Company, 1909, p. 233. 


? 
10. Sinkler, W., and Eshner, A. A.: Am. J. M. Sc. 112:287, 1896. 
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studied three cases of essential anemia in one family. The father died 
of pernicious anemia and tabes (probably cord manifestations of the 
anemia) and the two daughters suffered from severe anemia with low 
color indexes. Both daughters improved. 

Bartlett "! reports a family of eight, four of whom (father and three 
sons) died of anemia. Of these, two definitely suffered from pernicious 
anemia and the other two possibly from the same disease, while a fifth 
(the daughter) suffered from a prolonged anemia of a chlorotic or 
secondary type. Patek '* reports three fatal cases of pernicious anemia 
(two brothers and a sister) and two other cases of secondary anemia in 
members of one family. Of other relatives, one paternal cousin suf- 
fered from a fatal pernicious anemia and a paternal uncle died of the 
same disease. Cabot saw two sisters suffer with pernicious anemia, 
and a brother and sister in another family with the same disease. Roth ™ 
reports two brothers, both of whom died of pernicious anemia. 

Schauman,'® in reviewing his cases of bothriocephalus infection, came 
to the conclusion that there is no severe effect on the blood in many who 
harbor the parasite. However, there were eight families in which two 
or three members suffered from severe anemia as a result of the com- 
mon infection. In three other families in which there were two or more 
cases of anemia, one of the members suffered from pernicious anemia, 
or chlorosis, while a second suffered from bothriocephalus anemia. 
Gilbert and Weil '® report pernicious anemia in two brothers. They 
quote Potain to the effect that the daughters of chlorotic patients are 
often chlorotic, and that sons do not escape this predisposition. They 
further state that the best example of direct heredity is that reported 
by Rech, who saw four daughters of a chlorotic patient each develoy 
chlorosis at puberty. Recently, DeCastello * reported a family of five, 
in which three sisters died of pernicious anemia and in two of whom 
necropsy confirmed the diagnosis. An uncle also died of severe anemia 
which was accompanied by a sore tongue. 

We'* have recently reported, among other cases, that of a woman 
suffering from a severe anemia, probably of the pernicious type, whose 
sister died of an intense anemia some years previously. We quite 


11. Bartlett, C. J.: Family Pernicious Anemia, J. A. M. A. 60:176 (Jan 
18) 1913. 

12. Patek, Arthur J Family Pernicious Anemia, J. A. M. A. 56:1315 
(May 6) 1911. 

13. Cabot. Richard C., in Osler’s Modern Medicine, Philadelphia, Lea & 
Febiger, 14:613, 1908 

14. Roth. O.: Ztschr. f. klin. Med. 79: 266, 1914. 

15. Schauman, Ossian: Deutsch. med. Wehnschr. 36:1218, 1910. 

16. Gilbert. A.. and Weil, P. E.: Bull. et mém. Soc. méd. de hop. de Paris 
3:543, 1910. 

17. DeCastello, Alfred: Wein. klin. Wehnschr. 36:258 (April 9) 1923. 

18. Falconer. Ernest H., and Morris, Laird M.: M. Clin. N, A. 2:1451, 1923. 
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recently have studied a patient, a typical case of pernicious anemia, 
whose mother died of an intense anemia accompanied by a sore tongue. 
\t present we have under supervision a patient with anemia best classi- 
fied as the pernicious type. This patient, a woman, aged 40 years, said 
her brother and sister both died of anemia at the ages of 40 and 43, 
respectively. 

Hurst has recently raised the issue as to the constitutional char- 
acter of achylia gastrica and its relation to the occurrence of familial 
pernicious anemia. Cases are also reported in which members of the 
same family suffer from achlorhydria without blood changes, while one 
or the other parents suffer from pernicious anemia. Such observations 
lead us away from the field of an inherent abnormality of the hemolyto- 
poietic system. 

Poor stock of the predecessors can become dominant during the 
stress of life of their progeny. An excellent example of poor stock 
offspring is noted by Willson ™ in a patient who died of pernicious 
anemia (posterolateral sclerosis and anemia ). Of the immediate 
ancestry, the father died of anemia, the mother was living but suf- 
fering from aortic insufficiency and cirrhosis of the liver, an aunt died 
of typical pernicious anemia and a sister died of a grave anemia. The 
mother’s brother died of mental trouble and the patient’s three brothers 
are invalids, two of whom contracted poliomyelitis with subsequent 
atrophy of the muscles of the right side and later bladder and renal 
involvement. One of the brothers suffered from glaucoma, and a third 
brother from disease of the kidneys. One cannot but feel that in this 
particular family some inherent quality in the germ plasm is lacking. 


QUESTION ABLI CASES OF F \MILY ANEMIA 


This family consisted of three girls (all dead) from apparently healthy 
parents who are alive and well at the present time. The mother had two spon- 
taneous miscarriages before the birth of the first living child. 

Case 1—The youngest child, aged 6, contracted diphtheria (cultures con- 
firmed by the S. F. Board of Health) April 12, 1920. Diphtheria antitoxin 
was administered immediately but the child did not do well for months after 
According to the mother’s statement, the child never completely recovered, 
and although up and around and without apparent nerve involvement, became 
weak, showed a pale yellow color, developed generalized edema, with abdominal 
distention and died September 10, after an illness of six months. (We have 
no reports on the condition from which the child suffered other than the mother’s 
statements. She stressed on the child’s color, edema, albumin in the urine, and 
the visiting doctor’s statement that the child suffered from anemia. She did 
not know if the liver and spleen were enlarged. ) 

Case 2.—The second child, aged 10, was a full term, normally delivered, 
breast fed baby. Her childhood was not remarkable. She suffered from none 
of the childhood diseases save chickenpox at the age of 7 years, and had good 
health until the illness here reported. She entered the University of California 


19. Willson, Robert N.: The Spinal Cord in Pernicious Anemia, J. A. M. A. 
59:767 (Sept. 7) 1912. 
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Hospital November, 1920, under the care of Dr. W. P. Lucas. Her complaint 
was that of weakness, loss of appetite and anemia following smallpox vaccination 
in the latter part of October. The physical examination showed the following 
points of interest. Patient was small and undernourished with very anemic, 
somewhat pasty facies, and cyanosis of the lips and extremities. The head 
showed prominent frontal and parietal bosses of old rickets. The pupils were 
regular and reacted to light and in accommodation. Ophthalmoscope examina 
tion showed the entire fundus and vessels paler than normal with several small 
patches of exudate in the right background, while in the left there was slight 
haziness of the nerve head from early edema. The nose, ears, teeth and tonsils 


were in no way pathologic. The lymph glands were not enlarged. The lungs 
showed no signs of activity but the roentgen-ray plate gave evidence of pert- 
bronchial thickening at the top on the left side. The heart was slightly enlarged 


transversely and downward with a loud systolic murmur at the base and marked 
pulsation of the vessels of the neck. Blood pressure 120 systolic, 85 diastolic 
The abdomen was protuberant, but the liver, spleen and kidneys were not felt 
and no fluid was demonstrable. The extremities showed no edema. The reflexes 
were equal and hyperactive. 

Laboratory work showed the following interesting conditions. Blood count: 
hemoglobin, 30 per cent.; red blood cells, 2,300,000; white blood cells, 7,000; 
differential polymorphonuclears, 58 per cent.; lymphocytes, 28 per cent. ; large 
mononuclears, 4 per cent.; eosinophils, 2 per cent. No blast cells were seen; 
there was a mild degree of poikilocytosis, a slight anisocytosis, and much 
acromia:; basophilia was marked. Blood culture, negative; urime, specific gravity, 
1.010: there was a heavy trace of alkaline albumin; sugar negative; sediment 
contained numerous pus cells; no casts or red blood cells were seen. The 
blood Wassermann was negative with two antigens. The Pirquet test was 
negative after twenty-four and forty-eight hours. Phenolsulphonephthalein test 
f the specific 


was zero at the end of two hours. There was marked fixation « 
gravity with the elimination of salt low and fixed. Blood chemistry: nonprotein 
nitrogen, 194 mg. per hundred cubic centimeters; urea nitrogen, 152 mg. per 
hundred cubic centimeters; uric acid, 6.9 mg. per hundred cubic centimeters ; 
creatinin, 8.1 mg. per hundred culic centimeters 

A lead test was positive in the stool. No lead was recovered from the urine. 
The kidneys were not able to excrete potassium iodid however (see considera- 
tion of lead poisoning in the comment ) 

Course in Hospital—The child went steadily down hill for three months and 
died of a progressive anemia and increasing renal involvement, the course being 


for the most part afebrile. The blood condition was followed intensively 
throughout The red cells decreased from 2,300,000 on entrance to 1,504,000 
terminally. The red blood cells ten days before death were 952,000 and the 


white blood cells on this day were 18,600, with 88 per cent. of polymorphonu- 
clear cells. The platelets showed a rising curve, the highest count, 968,000, 
noted when the red blood cells were lowest, 952,000. With the gradual diminu- 
tion of red cells, a small number of immature forms (normoblasts) appeared in 
the blood from time to time but vanished entirely five days before death. The 
reticulated cells ranged from 7 to 22 per cent. and remained high until death. 
Basophilia, always marked, was much increased for the last ten days. The 
blood chemistry was followed throughout. The last few days the urine became 
smoky, showed acetone and diacetic acid and a fair number of cellular casts. 
The nonprotein nitrogen rose from 162 mg. per hundred cubic centimeters on 
admission to 333 mg. per hundred cubic centimeters terminally. The blood 
urea nitrogen rose in the same proportion; 116 mg. per hundred cubic centi- 
meters to 287 mg. per hundred cubic centimeters terminally. Creatinin was 
4.75 mg. per hundred cubic centimeters on admission, 10.9 mg. per hundred 
cubic centimeters terminally. Uric acid was 6.62 mg. per hundred cubic centi- 
meters on admission, 11.35 mg. per hundred cubic centimeters terminally. The 
child died in coma. The only bleeding noted was confined to the urinary tract 


4 
i 
4 


VWORRIS-FALCONER FAMILIAL BLOOD DYS¢ RASIAS 767 


except a slight oozimg trom the gums. There was no subcutaneous edema. The 
only therapy other than symptomatic was transfusion of blood, which seemed 
ruerely palliative. Permission to perform a necropsy was not granted. 

Case 3.—The eldest daughter, aged 13. was a patient of Dr. Charles C 
and by his permission we add this case, which com- 
Dr. Langly Porter and one of us studied 
anemia from which the child suffered. 
confined to her home 
There was nothing 


Mohun of San Francisco, 
pletes the family of three children. 
the case during the progress of a severe 
The records are not complete, because the child was 
except during the termination of her illness (two days). 
of importance during the child’s infancy which could be interpreted as bearing 
The child was full term and normally delivered, bright, got along 


the case 
She was vaccinated 


vell at school and was as active at play as other children. 
in October, 1920 (the same time as her sister), but she suffered no inconvenience. 


During the succeeding year, however, the patient began to feel a little below 


ar. A physician advised that the tonsils be removed, This operation was 
nerformed in October, 1921, but the child did not improve There was no sug- 
vestion of anemia at this time In January, 1922, the patient complained of a 
<welling on the left jaw over the mandible. The nature of this swelling was 
ot determined. The tumor subsided, however, without roentgen-ray treat- 
ment or other specific medication. In March the patient experienced a severe 


ttack of influenza from which she never completely recovered. Bronchopneu- 


monia did not complicate the picture, hut during her convalescene she 
was unable to remain up 


began 


lose strength, tired easily and became pale. She 
nd remained in bed again about a month after the before mentioned illness 
Phis ushered in her terminal malady, a profound anemia, the nature of which 


vas never determined. The condition of the blood simulated closely that ot 


er sister, described mn the toregomeg The kidneys, however, seemed m no 


vay involved. 
Physical Examination —When seen by one of us the child was mentally clear, 


fined to her bed and showed a profound pallor. The sclerae were mildly 


icteric, the pupils were regular and reacted to light, the backgrounds wert 
pale, no exudate or swelling of either nerve head was noted Fars and nose 
were normal. The mouth showed no stomatitis. The tonsillar fossae were 
clear. The vessels pulsated in the neck, the thyroid was palpable, especially 


the isthmus. There was no increased adenopathy in the neck or other gland 
groups. The breasts were undeveloped for a girl aged 13: there was no public 
or axillary hair. The lungs were clear. The heart was rapid but not enlarged 
\ loud systolic murmur Was heard best at the base and a hum was n ited 
over the vessels of the neck. There was no diastolic murmur heard over any 
of the valve areas. The pulses were equal, regular, of small volume and rapid. 
Blood pressure: 105 systolic, 75 diastolic. The liver and spleen were not felt; 


no masses were noted in the abdomen. The extremities were negative The 


reflexes were equal 

Clinical Pathology —Blood hemoglobin, 20 per cent.; red blood cells, 2,300,000 ; 
white blood cells, 8,000; polymorphonuclears, 82 per cent.; lymphocytes, 16 
per cent.; large mononuclears, 2 per cent.; eosinophils, 0. Marked achromia 
was present and a mild degree of antisocytosis and poikilocytosts No tailed 
an occasional stippled cell was noted. Reticulated cells, 
acid, specific gravity, 1.018; 
slight 


ceels were seen; 
11 per cent.; two normoblasts were seen. Urine: 
albumin was negative; sugar negative ; sediment negative; there was a 
stool was negative for ova. Blood culture was not done. A 


trace of urobilin; 
three days after 


blood Wassermann test was not made. A second blood count, 
the foregoing, showed an increasing anemia. Hemoglobin, 20 per cent.; red 
blood cells, 1,800,000; white blood cells, 5,600; polymorphonuclears, 72 per 
cent.; lymphocytes, 22 per cent. ; large mononuclears, 3 per cent.; eosinophils, 
: basophils, 0; blood platelets, 260,000 (Wright and Kinnicutt method) ; 


1 per cent. 
there was much central 


reticulated cells, 9 per cent. No normoblasts were seen; 
pallor of the red cells which seemed otherwise to be normal. 
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Course: Afebrile. The child progressed rapidly downward, and with no 
signs of bleeding from the mucous membranes or into the skin, developed an 
acute left hemiplegia, and died a week after the last noted blood count. It 
was impossible under existing conditions to study the child further.” Per- 
mission to perform a necropsy was not obtained. 


Unfortunately, little conclusive evidence can be drawn from the study 
of these three cases. We assume the first child died of nephritis as did 
the second, the time interval between the deaths of the two children being 
close enough to excite interest in some common toxic factor. Investiga- 
tion proved that the children were exposed to lead in a newly painted 
house a few months before the death of the first child. The positive 
lead test in the stool of Case 2 added some evidence to lead as a common 
etiologic factor. Against this, however, is the fact that Case 2 at no 
time presented a lead line, nerve palsies or colic. It is felt that lead 
intoxication, sufficient to give evidences of kidney and blood damage to 
the extent that they were found in the patient, should have given other 
evidences of lead poisoning. It is further problematic just how much 
reliance can be given to a positive lead test after potassium iodid in a 
child living in a commercial district of a large city. While lead intoxica- 
tion, however, was given consideration after the death of the second 
child, such intoxication was challenged when, after a period of one and 
one-half years, the third child developed what appeared to be a severe 
hemolytic anemia without kidney involvement and died with a pro- 
found blood dyserasia, the cause of which was not determined. We 
hesitate to make any positive statements and we grant the incomplete- 
ness of our records. We have grouped the cases in this paper for 
consideration only. 

REPORT OF CASE 

Mrs. J. S., aged 41, gave a history of having periods of anemia ever since 
about the age of 13. She stated that, as a young girl, she was frequently taken 
to different physicians, who always found her anemic, and invariably prescribed 
some form of iron. At length it was felt scarcely necessary to consult a 
physician about her malady. When we akness manifested itself and an approach- 
ing lassitude, she would go to a drug store and purchase the tonic. After a few 
weeks of iron medication, the symptoms would disappear and she would feel 
quite normal for perhaps four, five or six months, and sometimes for a year, 
when the symptoms would again recur. Periods as long as two years occurred 
when (to use her own phrase) “her blood would stay up and she would feel 
normal.” 

The patient’s blood count had always shown a moderate secondary anemia 
with central pallor, but otherwise a negative appearance of the red cells and 
a rather low hemoglobin. The white count has always been normal; and a 
study of the blood smears and of the blood counts, when the patient felt weak 
and run down, showed a blood picture suggestive of the chlorotic type of anemia. 
It was felt from the history, especially as this patient dated the onset of her 
anemia to about the time of puberty, that we were dealing with chlorosis. 


20. Recently both parents were questioned regarding any of their immediate 
family or their parents who suffered from any blood disease. The informa- 
tion received was entirely in the negative. 
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A sister of the patient’s mother has likewise been anemic since childhood, 
has had to take frequent courses of iron by mouth and also iron injections. 
The patient’s mother has also been anemic, at intervals, for years and her 
anemia always responds to iron medication, according to a statement of the 
patient. 

We have no data as to the type of anemia present in the mother and in 
the mother’s sister, but as the patient is a very intelligent woman, we have 
accepted her statement that the mother and aunt have suffered from anemia 
during the major portion of their lives. 


HEMOPHILIA, IDIOPATHIC PURPURA HEMORRHAGICA, AND 
FAMILIAL MULTIPLE TELANGIECTASES 

In hemophilia we find a perfect illustration of an inherited sex- 
linked recessive unit character, limited to males and transmitted only 
by the opposite sex. The underlying disturbance is an abnormality of 
the blood or blood forming organs, characterized by a deficiency of 
prothrombin, an essential element in normal coagulation. The number 
of platelets in the circulating blood are not diminished, the bleeding time 
is normal but the coagulation time is much prolonged. The outstand- 
ing features are a liability to hemorrhage, most commonly into joints 
and from the nose or insignificant cuts and bruises; less commonly 
from the kidneys and bowel. Surgical procedure is often followed by 
fatal bleeding. 

Idiopathic purpura hemorrhagica is quite dissimilar, The throm- 
hopenia, characterized by platelet deficiency, is an essential characteristic. 
lhe phenomena which depend on this deficiency are prolongation of the 
bleeding time and a soft, nonretractile blood clot. The condition occurs 
in both sexes and is characterized by purpuric skin blotches, petechiae 
and hemorrhages from the mucous membrane. Familial tendencies 
have been used as a point against the disease. Christian *' states, how- 
ever, that occasionally purpura hemorrhagica is hereditary. Cousin ** 
describes a family in which the disease occurred in three different 
branches, and Rosenfeld ** cites two cases of idiopathic purpura in 
brothers. He further brings up the question whether in these families 
there is an inherent weakness of the germ plasm, which makes itself 
manifest in a deficiency of blood platelet formation or in a primary 
vascular degeneration or both. Most writers admit, in addition to 
platelet deficiency, a vascular degeneration. 

It needs but brief mention here to recall a familial type of recurring 
epistaxis associated with multiple telangiectases of the skin and mucous 
membranes which, if bleeding is allowed to continue, produce grave 
secondary anemia. The family character of the disease was put on a 

21. Christian, Henry A.: Oxford Medicine 2:784, 1921, New York, Oxford 
University Press. 
22. Cousin, M.: Ann. de méd. et chir. inf. 17:633, 1913. 


23. Rosenfeld, Arthur S.: Idiopathic Purpura with Unusual Features, Arch. 
Int. Med. 27:465 (April) 1921 
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firm clinical basis by Osler ** and much literature has accumulated since. 
The condition is local, and consists of multiple punctiform angiomas of 
the skin and mucous membranes of the nose, lips, cheeks and tongue. It 
has nothing to do with hemophilia or purpura. We have recently 
studied the tibia marrow of a woman who suffered from this disease 
So far as could be ascertained, the marrow specimens obtained by punc- 
ture were normal as to cellular content. The puncture was done during 
a period when no bleeding was experienced and the hemoglobin, red 
and white blood counts were normal. 

One of us has recently seen, with Dr. Langly Porter, a case which 
can best be classified, from our observation, as idiopathic purpura and 
in which an hereditary tendency is suggestive. 


rhe patient, P. G., aged 7, an only child, developed normally throughout 
infanev without any serious disturbance in health. The tonsils were re moved 
about two years before this illness, without an abnormal amount of bleeding 
Within the last year the mother noted that the child’s shins were “black and 
blue” frequently, a condition which was attributed to trauma induced by 
vigorous play with other children. In the summer of 1923, however, while on 
4 summer vacation in Canada, large purpuric blotches were noted on the skin 
of the buttocks. back and legs. Petechiae also were numerous on the extrem- 
ities There was no preceding illness to account for such a condition. No 
bleeding from the mucous membranes was noted. Dr. Porter saw the child 
at the height of the disease. The technician stated that the platelet count was 
but 10,000. Study of smear preparations, which one of us examined, showed 
a total absence of blood plates. A systematic examintion of the blood cor dition 
was begun about two weeks after the more acute condition subsided. There 
were still seen fading purpuric spots on the back and legs, with a few petehciae 
noted on the buttocks. The laboratory work showed the following : hemoglobin, 
SU per cent.; red blood cells, 4,520,000 : white blood cells, 7,000; differential 
count: polymorphonuclears, 58.5 per cent.; lymphocytes, 31.5 per cent.; large 
mononuclears, 8.5 per cent.; polymorphonuclear eosinophils, 2.5 per cent. ; plate 
lets 110.000; reticulated red cells, 2 per cent. Bleeding time, twenty-five minutes ; 
coagulation time, ten minutes in an 0.9 cm. tube. Clot nonretractible in char 


acter Prothrombin time, ten minutes; control time, six minutes 

From both the clinical and laboratory side, the child belongs in the class 
of idiopathic purpura. The family history, however, is somewhat suggt stive 
ef an hereditary factor and is thus quoted in some detail. The mother of 
patient, Mrs. G., has always bruised very easily. On several occasions she 


complained of severe neuralgia in the region of the eye which subsequently 
turned “black and blue.” She also has noted little red spots similar to those 
seen on her son which have variously appeared on different parts of her body 
(petechiae ? ) Some vears ago she bled on several occasions from = small 
hemorrhages which came from the lungs proper (a physician at this time found 
active tubercular infection). Her menstrual function is not disturbed. Mrs. G.’s 
half sister always bruised and bled easily. The latter was operated on in 
England for a gallbladder condition from which she died. She was given many 
preparatory injections however, before the operation, which were directed toward 
her bleeding tendency (Mrs. G.’s statement). Mrs. G.’s niece (a daughter of 
the before mentioned half sister) has always suffered from violent nose 
bleeds and purpuric spots. A week after an operation on the antrum, the 
girl bled intermittently throughout the entire day and caused the surgeon much 
alarm. Mrs. G. has two other sisters who do not suffer from bleeding. The 


24. Osler, William: Bull. Johns Hopkins Hosp. 12:333, 1901. 
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mother died at the age of 62 from diabetes, and of her two husbands, the first 
died of hemorrhage from the lungs after exertion (probably tuberculosis ), the 
econd died of a hemorrhage into the brain at the age of 54. 


SICKLE CELL ANEMIA 

Sickle cell anemia is a rare disease and so far as known is confined 
to the negro race. ‘The disease is hereditary, and occurs in and is trans- 
mitted by both male and female, according to the mendelian law. The 
erythrocytes show crescentic and sickle shapes in the wet preparations, 
these bizarre forms increasing markedly at the end of twenty-four 
hours in the wet sealed preparation. There may be a mild to a severe 
‘nemia with a slight increase in white cells and blood plates. The 
blood dyserasia is commonly accompanied by chronic leg ulcers. Huck,* 
in an excellent recent article, reports the geneological tree of families 
studied at Johns Hopkins Hospital. He concludes, among other facts, 
that the sickling of the red blood cells is due to some factor inherent 
to the cells and not to any substance in the serum. We have had no 
experience with the disease. 

rHE LEUKEMIAS 

Ward 2" has compiled statistics which tend to disprove the infective 
theory of acute leukemia. After a review of more than a thousand 
ases it might be advisable to quote certain of his conclusions: (1) 
“That there is a congenital form of leukemia which occurs in children 
vhose parents are not leukemic. (2) That luekemic parents have never 
heen known to transmit the disease to the new-born child.” 

McGavran 2" recently reported three cases of leukemia in one family 
and reviews other instances. In the family reported, one brother died 
of the myeloid type, another of the lymphoid variety, while the uncle 
(father’s brother) died of the same disease. MeGavran does not wish 
to be understood as trying to strengthen the claim of heredity as a factor 
in this disease: nor do we. If the leukemias are prov ed to fall into the 
malignant class, however, an inherited recessive character as has recently 


heen suggested for cancer, might be given consideration. 


REPORT OF CASE 

The case here reported, one of chronic myeloid leukemia, has been followed 
for over three years in the University of California outpatient department. 
The disease of the patient is typical enough, presenting an enlarged spleen, 
bleeding gums, anemia, platelet increase, marked myelocytosis and a white 
count which has varied from 20,000 to 400,000 under the influence of roentgen- 
ray therapy. The family history, however, 1s considered of sufficient interest 
to report in more detail. The patient's mother suffered from diabetes. Of 
the mother’s nine sisters, two died in infancy, cause unknown, and five died 


25. Huck, John G.: Bull. Johns Hopkins Hosp. 34:335 (Oct.) 1923. 


%. Ward, Gordon: Brit. J. Child. Dis. 14:10 (Jan.) 1917. 
27. McGavran, Charles W.: Am. J. M. Sc. 164:545, 1922. 
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of diabetes. The patient describes her aunts as stout but growing thin and 
wasting away. They all had sugar in the urine. One of the aunts gave birth 
to a son who was born with a large spleen (mother’s report). The boy was 
always delicate and anemic. He died at the age of 36 with an abscess on the 


spleen (?). The spleen was enlarged throughout life. Of the patient’s five 
brothers and sisters, one brother has recently died of diabetes and one of 
heart disease. There are three sisters who thus far are well. The patient's 


only child has suffered all her life from asthma. 


GAUCHER’S DISEASE. SPLENIC ANEMIA, UNCLASSIFIED 
SPLENOMEGAL) 

The family character of Gaucher's splenomegaly is fairly well estab- 
lished. It seems to be a one generation disease, for there is no evidence 
of transmission from parent to child. The disease ordinarily makes 
itself manifest in childhood and may affect several members of the same 
family, with a high incidence in the female sex. The course is decidedly 
chronic with little disturbance of health until late in the disease. 

The features which characterize the condition are enormous spleno- 
megaly, moderate liver enlargement, pigmentary skin changes of the 
face, neck and hands and a peculiar wedge shaped thickening of the con- 
junctiva on either side of the cornea. No lymphadenopathy, jaundice 
or acites are observed. There is a tendency to bleed from the gums and 
nose but with the exception of a moderate leukopenia, the constituents 
of the blood are not decreased until late in the course, when anemia 
becomes a part of the picture. The histopathologic picture shows large 
multinucleated phagocytic cells (Gaucher's cells) in the spleen, liver, 
lymph glands and bone marrow (reticulo-endothelial system). These 
large cells are probably modified reticular cells although their origin is 
still much disputed. 

Banti’s splenomegaly must be sharply differentiated. Familial 
occurrence is a decided rarity, although a family of three children is 
described by Foote ** as suffering from the condition. One of the 
children died of pneumonia and the organs were obtained for necropsy 
purposes. 

The symptom complex consists of a large splenic tumor, recurrent 
attacks of hematemesis, moderate anemia, with a constant leukopenia. 
The late stage with hepatic cirrhosis is an added feature. Extirpation of 
the spleen ameliorates the condition if liver changes are not far 
advanced. 

The pathologic condition is quite characteristic. The enlarged spleen 
is often held by firm adhesions to the neighboring structures, in which 
huge collateral blood channels course, while the main splenic veins are 
enormously enlarged. In microscopic section there is moderate atrophy 
of the malpighian bodies and few of the pulp cells. There is a marked 


28. Foote, John: Internat. Clinics 2:52, 1919. 
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reaction of the intrasplenic fibrous tissue. The liver, in many cases, 
shows cirrhotic changes at times to an advanced degree. 

We have studied rather intensively over a period of a year, a con- 
lition of familial splenomegaly with blood changes in two brothers 
Mexicans). Our efforts at placing these children in any known class 
if disease have not been attended by any success. They apparently do 
not suffer from their malady at present and scarcely understand why 
they are returned periodically for study. 

We are much interested in the report of DeLange and Schippers *° 
n familial splenomegaly, seven children of which suffered from 
enlarged spleens while the parents and grandparents were normal. One 
hild, probably two, have fallen victims to the disease and the eldest 
i the two girls has begun to show signs of cachexia. A splenectomy 
was performed on the youngest and on the second child. Sections 
if the tissue showed no pathologic reaction in the spleen and lymph 
slands. Hypertrophy was the only finding. The authors conclude: 
‘\pparently have to deal with a congenital vitium primae forma- 
tonis, on account of which the spleen has developed into a state of 
viant growth.” They further feel that in the foregoing cases they 
ire dealing with a familial progressive cachexia, in the course of 
which a hemorrhagic diathesis occurs antemortem. 

It is unfortunate that the family with hereditary splenomegaly 
which Wilson *’ and Wilson and Stanley *' report (1890-1893) could 
not have been studied by more modern methods. The cases probbaly 
fall into the hemolytic jaundice group. 

Bastai ** observed three cases of splenomegaly with cirrhosis of the 
liver in two sisters and a brother, with a symptomatology resembling 
Banti's disease. The histologic picture, however, in every case, showed 
no true process of adenofibrosis of the splenic pulp. The writer con- 
sidered that the disease as studied could not be identified with any well 
established nosographic unity (original article not obtained). Pan- 
talioni ** under the title: “Is Banti’s Disease Familial?" described 
two sisters with Banti'’s disease, one case proved by section after 
splenectomy and the other presenting signs of splenomegaly and 
anemia with subsequent signs of hepatic cirrhosis and ascites. The 
writer believes that in these two patients there existed a special con- 
stitutional organic predisposition especially on the part of the spleen, a 

predisposition which would have rendered possible the growth in that 


29. DeLange, Cornelia, and Schippers, J. C.: Familial Splenomegaly, Am. 
J]. Dis. Child. 15:249 (April) 1918. 

30. Wilson, Claude: Tr. Clin. Soc. London 23:162, 1890. 

31. Wilson, C., and Stanley, D.: Tr. Clin. Soc. London 26:163, 1893. 

32. Bastai, Pio: Internat. M. & S. Survey 4:583, 1922. 

33. Pantalioni, Pio: Internat. M. & S. Survey 4:584, 1922. 
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organ of those microbes capable of determining the splenic altera- 
tions which characterize Banti's syndrome (original article not 
obtained ). 

From this meager review of the literature it is quite obvious that 
familial splenomegalies may fall into quite different groups. We 


therefore present these cases for consideration, 


REPORT Ol CASES 


Case 1—J. S., a boy, aged 12 years, of Spanish descent, entered the U. C 
Hospital in January, 1922. The boy was sent in for study because a large spleen 
was found during the course of a routine physical examination for entry at 
the San Francisco nursery. The child spoke broken English, having lived in 
Mexico City for eleven years. The following information was obtained from 
the guardian, which is meager at best. The father, a seafaring man, ts alive 
and so far as known, is well. We have had no opportunity to converse with 
er examine him. The child’s mother died at the age of 35, from cancer of 
the uterus. There is but one other child in the family, a younger brother who 
is well but who, on éxamination, presented an enlarged spleen. 

The patient has been comparatively well during childhood, with the excep 
tion of an attack of dysentery from which he suffered two years ago This 
consisted of from ten to twelve stools daily, full of blood and mucus, which 
condition lasted for about two months. There was a very questionable history 
of malaria given \ history of slight bleeding from the gums during the last 
two years was the only other inconvenience suffered. 

The major points in the physical examination were as follows: The skin 
was brown (racial), rough and dry with many small nevae. The pupils were 
regular and reacted to light. The conjunctiva was not pale and the sclerae 
showed no evidence of jaundice or other abnormalities. The backgrounds were 
negative. The gums were red and spongy and bled easily when irritated. The 
tonsils were markedly hypertrophied. There was a slight enlargement of the 
anterior, posterior and submaxillary cervical glands but no involvement of other 
glandular groups. The lungs, heart and arterial system were not remarkal!. 
The spleen was markedly enlarged and hard, its tip extending 9 cm. heiow the 
costal margin. The liver was not felt and there were no other abnormalities noted 
in the abdomen. There was a marked right scoliosis. The genitalia and 
extremities showed no abnormalities, and both the skin and tendon reflexes 
were equal 

Clinical Pathology. —The urine was negative. The Pirquet test was negative 
The blood Wassermann test was negative. Bile was not present in blood plasma. 
Clotting time, two and one-quarter minutes. Fragility of the red cells was noted. 
Hemolysis began at 0.46, complete at 0.34 per cent., sodium chlorid solution. 
Blood count: red blood cells, 4,736,000: white blood cells, 5,200; differential 
polymorphonuclears, 58 per cent. ; hemoglobin, 80 per cent.; lymphocytes, 

large mononuclears, 9 per cent.; polymorphonuclear eosinophils, 
No malaria organisms or crescents were found. Blood count (three 
red blood cells, 4,270,000; white blood cells, 7,500, Differential 
2 per cent.; polymorphonuclear eosinophils, 13 


count : 
30 per cent 
3 per cent, 

day interval) 
count: polymorphonuclears, 5 
arge mononuclears, 6 per cent.; myelocytes, 


per cent. ; lymphocytes, 27 per cent. ; 
Hypertrophic marrow, both red and 


2 per cent. Marrow puncture (tibia) : 
white celled elements being conspicuous. 

The patient reentered the hospital August, 1922, for study. 
The tonsils were greatly enlarged and the 
The spleen was somewhat larger, 


As previously, the 
gums were spongy and bled easily. 
submandibular nodes had not receded in size. 


34. From the pediatric wards of Dr. W. P. Lucas. 
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xtending 11 cm. from the costal margin. The liver edge was questionably 
salpable. There was no free fluid in the abdomen. A mild degree of anemia 
ad developed, with a definite change in the differential count. Thus: hemo- 
slobin, 75 per cent; red blood cells, 3,360,000; white blood cells, 8,200. Differ- 
ntial count: polymorphonuclears, 55 per cent.; lymphocytes, 18 per cent.; 
rge mononuclears, 27 per cent. 
Of these large mononuclear cells, over 50 per cent. showed an irregular 
hated nucleus with a finely granular cytoplasm. 
Stool: Cysts of ameba histolytica were found. 


Fig. 3—Tibia marrow smear of R. S., aged 6 years. The smear shows a 
definite hyperplasia but to a lesser degree than his older brother. 


Bone marrow puncture (opposite tibia) showed the same diffuse hyperplasia 
of the erythroblastic and leukoblastic elements as did the previous specimen from 
the other leg. 

Case 2.—At this time the brother, R. S., aged 6 years, was admitted for 
study. There was nothing of importance in his former history; he had been 
healthy, and developed the same as other children. He had lived with his 
brother in Mexico but had not suffered from dysentery or malaria. His physical 
examination revealed little save a mild gingivitis and a definitely enlarged spleen 
which was hard, notched and extended 6.5 cm. below the costal margin. The 
liver was not felt and no free fluid was noted in the abdomen. 
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Clinical Pathology.—The urine, Pirquet and Wassermann tests were nega- 
tive. Blood examination: hemoglobin, 85 per cent.; red blood cells, 4,700,000; 
white blood cells, 4,800 


Differential count: polymorphonuclears, 60 per cent 
lymphocytes, 30 per cent.; large mononuclears, 10 per cent. 


No plasmodia were 
seen. Clotting time, three and one-half minutes. Bleeding time, three minutes. 
Platelets, 224,000, Fragility: commenced at 0.45 per cent., complete at 35 
per cent., sodium chlorid solution. 


Blood urea nitrogen 16 mg. per hundred 
cubic centimeters; nonprotein nitrogen, 31 mg. per hundred cubic centimeters ; 
creatinin, 2.2 mg. per hundred cubic centimeters; uric acid, 3.5 mg. per hundred 
cubic centimeters. 


Fig. 4 
both white 


marrow 


smear of J. S 


, aged 12 years 
and red cell elements. 


Note hyperplasia of 


Stool: Giardia cysts were found. 


Tibia marrow puncture 


The smears showed a definite hyperplasia, not to 
the extent of the older brother however and with the white cell elements less 
prominent. No plasmoedia were seen in the marrow smears 


COMMENT 

It is difficult to classify these brothers. We feel that the parasites 
found in the stool do not aid in a solution of the problem. The cases 
do not fit clinically into a type of Gaucher's disease or Banti's syn- 
drome. and so far as known into no common infectious group. Thus 
far, our most helpful information is a known pathologic long bone 
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marrow which is in keeping with the abnormal blood picture we studied. 
It might seem that the bone marrow of the elder brother suggests the 
hyperplasia of myeloid leukemia. The uniformity of the leukoblastic 
elements in no way compares to the tibia marrow of Mrs. H., a typical 
ase of myeloid leukemia. Furthermore, the larger type of cell seen 
is not comparable to the Gaucher cell of that disease. We feel that 
there is not sufficient enlargement of the lymph glands to offer much 
onstructive data from sections of the same. Splenic puncture (besides 
ts dangers) offers very little, but sections from the spleen might well 
clear the whole condition from a diagnostic point of view. So far, we 


have found no indication for splenectomy. 


CONCLUSIONS 
1. Before cases are grouped as fannhial splenomegalies, it 1s 
ecessary to eliminate certain common sources of infection, syphilis, 
malaria and certain of the tropical diseases being most common factors 
or error. 

Before cases are grouped as familial anemias, it 1s necessary to 
eliminate certain common toxic and infectious factors, lead arsenic, 
syphilis and malaria being common sources of error. 

3. Family diseases of the spleen are probably related in man) 
‘nstances to a congenital predisposition of the hemolytopoietic system. 
4. A disposition toward inferiority of the hemopoietic system 
probably exists. Detailed family histories are essential to prove this 


point 
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A CASE OF SICKLE CELL ANEMIA WITH 
NECROPSY * 


GEORGE GRAHAM, 


BIRMINGHAM, ALA. 


Sickle cell anemia is a new disease, in the sense that it is just coming 
into general attention. It appears to be a familial disease or status 
peculiar to the negro race. Chief of its characteristics is an anomaly 
of the red blood cells evidenced in their tendency to assume elongated 
sickle or crescent shapes or various bizarre distortions. In some cases 
the disease appears to consist in nothing more than this erythrocytic 
abnormality ; again, certain minor physical disabilities may be added, 
while in occasional cases there are recurrent paroxysms of acute illness 
with fever, prostration, pain in the extremities or joints and evidences 
of marked hemolytic blood destruction. 


HISTORICAL DATA 

First recognition of the disease is credited to Herrick ' who, in 
1910, described a case of severe anemia in which he had noticed that 
many of the red corpuscles were of peculiar elongated sickle shaped o1 
crescent shaped forms. Washburn? described a similar case from Vir- 
ginia in the following vear. The third case was reported from St. Louis 
in 1915 by Cook and Meyer.* Mason * described a fourth case in 1922. 
Two illuminating papers appeared in August, 1923. Sydenstricker, 
Mulherin and Houseal® described two cases in detail and reported 
collateral study on twelve relatives, nine of whom were found to show 
evidences of the disease. They supplemented their clinical observation 
by reporting the necropsy findings in one of their patients. This is the 
first necropsy study on record. Two months later, Huck ® published a 
careful clinical and laboratory study of two cases and added observations 
on a third practically symptomless case. He discovered a more or less 


*From the department of pathology, Graduate School of Medicine of the 
University of Alabama 
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incomplete syndrome in eleven other persons, all but one of whom were 
found through systematic examination of the blood in relatives of the 
three original patients. Finally, Sydenstricker * summarized present 


knowledge of the disease and reported a second necropsy. 


FREQUENCY 


Both Huck and Sydenstricker state that the disease is relatively 
ommon, The former" reported that in November, 1923, forty cases 
had been seen and studied at Baltimore. The latter? found forty cases 
n his Augusta clinic during a period of sixteen months, and estimated 
that the disease occurred in about 0.2 of 1.0 per cent. of all negroes 
examined in the clinic. .\ word of explanation should be added, how- 
ever. As already noted, the disease appears to exist in widely varying 
legrees of severity. In some persons it may present nothing more than 
in anomaly of the red corpuscles, demonstrable only after examination 
hy a method seldom or never used in routine blood study. In other cases 
there are minor complaints that would be without significance unless one 
were on the lookout for the disease. In a few cases the patient is sub- 
ect to periodic attacks of more or less complete physical disability. 
[he actual number of reported cases in which the subject was sufficiently 
ill to seek medical assistance can still be counted on the fingers. Thus, 
ot the fourteen cases reported by Huck, only two were actually 
incapacitated. Three others showed pronounced anemia with partial or 
severe disability, four had only minor complaints and six had never 
shown any symptoms. The detailed report of Sydenstricker’s cases has 
not yet appeared, so that the actual morbidity among them cannot be 
determined. As the disease becomes better understood, it will be neces- 
sary to evaluate the importance that is to be placed on the mere fact 
that the blood of a given person contains anomalous red corpuscles. 

So far as can be determined from the papers thus far published, 
detailed study has been made only in the first four cases reported and 
in two of Huck’s and two of Sydenstricker’s, a total of eight cases. 
Three necropsies have been performed. Sydenstricker reports two of 
these, one in a child and one in a man, aged 62, without active symp- 
toms. The third necropsy is referred to briefly by Huck. In Huck’s 
case the records are incomplete, while in Sydenstricker’s second case, 
only a summary of the findings is given. In view of these facts, it 
seems worth while to report a single case of the disease in which clinical 
study was followed by postmortem examination. 


CASE REPORT 
E. A., a man, negro, aged 30, was admitted to the Hillman Hospital, March 
14, 1924. His physician had made a diagnosis of acute meningitis. 
7. Sydenstricker, V. P.: Sickle Cell Anemia, Southern M. J. 17:177 
1924. 
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Family History.—The patient’s mother had died of pneumonia at the age 
of 32. The preceding condition of her health is not known. The father was 
about 75 years old and able to do light work. Two brothers and three sisters 
died in infancy or childhood, cause unknown. Three sisters and one brother 
are living. The sisters are well. The brother was aged 24, looked well but 
had always tired easily and was not able to do hard work. He had attacks 
similar to those of the patient but they were not so severe. They were especially 
liable to come on after fatigue or chilling. He has had a lesion “like a burned 
place” on the ankle for the last ten years. The patient knew of no other member 
of his family similarly affected. The only relative accessible to us was a 
sister who came to the hospital after the patient died. She was aged 27, well 
nourished, the mother of five children all of whom were said to be well. Her 
blood picture was normal, there was no scleral discoloration and no sickling 
of her corpuscles could be determined 

Personal History.—The history was vague, owing to the patient’s low men- 
tality. Whooping cough was the only childhood disease remembered. Venereal 
disease was denied. The patient never considered himself unhealthy but admitted 
that he had never been able to do heavy work. By occupation he was a bootblack 
Since the age of 8 or 9 years he suffered from recurrent attacks of illness with 
pain in extremities or joints. The particular joints affected varied from time 
to tune \t first the attacks recurred at intervals of a few weeks or months 
but gradually became less frequent. The last occurred about a year previous 
to admittance to hospital. His appetite was fair except during attacks, when 
he had no desire for food, and eating was often followed by epigastric pain 
During attacks the urine was “red.” In free intervals it was colorless. The 
patient always tired easily, became dizzy and short of breath on slight exertion. 
He has had an ulcer on the left shin for about fifteen years. An unsuccesstul 
attempt at surgical cure was made in a hospital about three years ago. Appen- 
dectomy was performed at the same time 

Present Illness —The patient dated his illness from exposure during a snow 
storm about one week before, when he got cold and wet. Following this, the 
appetite failed, he became weak and had much epigastric pain. On the day of 
admission he developed severe pain in back of head and neck with stiffness 


and soreness of the posterior cervical muscles. There was also severe pain 
in the back. The attack was similar to ones from which he had previously 
suffered 

Physical Examination —The patient was well nourished Temperature, 
101 F.; pulse, 102; respiration, 22. The head was slightly retracted; there 


was moderate resistance to flexion on trunk. Stated age was 30 years but 
he looked nearer 18 years. The pupils reacted to light and in accommodation 
[he sclerae showed a slight greenish color and the skin was suggestive of 


icterus. The gums were bluish and pale. The tonsils were atrophic and 
adherent. The anterior cervical glands were not palpable. There were a few 
soft enlarged glands in the posterior cervical triangle, more on the right than 
on the left side. The chest was well formed. The lungs were negative except 
for a few transitory rales at the left base. The heart was slightly enlarged, 


the sounds clear with no murmurs. The abdomen was slightly distended, there 
were no masses nor rigidity, but a slight generalized tenderness. The liver 
was not enlarged. The spleen was not felt and the area not enlarged on per- 
cussion. The old appendectomy scar was noted. Extremities: There was an 
extensive scar of healed ulceration over the left tibia, partly covered by a thin 
shiny skin. In its lower portion there was an irregular granulating surface 
The tibia beneath the scar area was enlarged. The deep reflexes were active 
The plantar reflex was flexor. There was no tremor and no Kernig sign. 
Laboratory Findings—Lumbar puncture on the day following admission 
vielded a spinal fluid containing considerable blood, so that cell count was 
impracticable. There were no organisms by smear or culture. Wassermann 
tests on blood and spinal fluid were negative. No acid fast bacilli were found 
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in the sputum. The blood culture was negative. Roentgen-ray examination : 
The lungs were negative except for some fibrosis in the second and fourth 
interspaces. The heart measurements, center to right, 4.7 cm.; center to left, 
10.1 cm.; transverse, 14.8 cm.; longitudinal, 16.2 cm.; aortic, 5.5 cm. On the 
day following admission the red count was 2,800,000; hemoglobin, 48 per cent 

color index, 0.8.; white count, 45,200 An occasional sickle cell was present 1m 
the film made for routine blood study. This, together with the other abnormali- 
ties present, suggested the diagnosis, and study of wet preparations confirme¢ 
it. In fresh wet preparations sealed under a cover glass there were 6 to 8 
sickle cells per high power field. On standing, the sickle elements gradu- 
ily increased in number and on the following day, about twenty hours atter 
they were first set up, the preparations showed at least 95 to 98 per cent. of 
sickle forms. The deformed cells frequently showed coarse bristle-like pro- 
‘ections of the cytoplasm, several in number and often of considerable length. 
One hundred and twenty-two nucleated red cells were seen while counting 500 
leukocytes. They were usually normoblasts with occasional intermediates. \ ital 
staining showed 18 per cent reticulated cells. There were occasional myelocytes 
Phe platelets numbered 400,000 per cu. mm. The blood serum was dark colored 
and gave a strongly positive nitric acid reaction for bile pigments. The Fouchet 
test for bilirubin was positive. Van den Bergh direct reaction was negative, 
indirect, strongly positive. The Hay sulphur test for bile acids was negative The 
fragility test showed beginning hemolysis at 0.34 per cent sodium chlorid, and 


Blood Counts, Made at Intervals of a Few Days 


Endo Neutro ated lated 
Hemo Red White thelial phil Red Red 
glo- Blood Blood Lympho- Leuko- Neutro Fosino- Baso- Myelo- Blood Blood 
| bir Cells cytes cytes phils phils cytes Cells Cells 
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complete hemolysis at 0 16 per cent. Chemical examimation ; nonprotein nitrogen, 
36.7 mg.; urea nitrogen, 15.4 mg.; uric acid, 4.4 mg.; creatinin, 1.5 mg.; sodium 
chlorid, 310 mg Blood counts made at intervals of a few days are given in 
the table. Five hundred leukocytes were counted in each cas¢ 

Urinalysis: specific gravity 1.014. acid reaction, trace of albumin present in 
repeated specimens, and always a few to moderate numbers of granular casts. 
The color was seal brown, foam slightly yellow tinged. Gmelin test for bile 
was negative although a slight but definite green was obtained with the Smith 
test. There was a strong urobilin reaction. By the method of Marcussen and 
Hansen the positive reaction persisted through dilutions of the urine, ranging 
from 1:00 to 1:400. Two hour specimens showed marked fixation of the 
specific gravity. During a twenty-four hour period, all day specimens gave 
1.014 with one exception, this giving 1.013: the twelve hour night specimen 
read 1.013. Day urine was 568 c-c., night 630 c.c., total for twenty-four hours, 
1.198 c.c. Total chlorids calculated as sodium chlorid; for day urine, 8.52 gm., 
for night urine, 8.52 gm., a total of 17.04 gm. A second specimen collected 
during the early pneumonia showed for the day urine 5.42 gm.; for the night, 
3.79 gm., a total of 9.21 gm. 

Course of Illness.—For the first twenty-four hours the patient complained 
acutely of pain in back of head with posterior cervical and lumbar pain and 
soreness. The temperature rose to 103.4 then dropped slowly and reached normal 
on the third day. It continued, however, to show irregular fluctuations from 
98 to 100 or 101. On the fifth day he complained of sore throat. On the 
fourteenth day the temperature rose to 103. he developed a cough and complained 
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of pain in the chest. A few rales were present at the base of the left lung. 
Typical signs of bronchopneumonia appeared during the third week. Death 
occurred on the twenty-second day following admission. 

Necropsy.—The body was that of a well developed and well nourished negro 
man, 163 cm. long. The pupils were equal, round and 4 mm. in diameter. There 
was a yellowish coloration of the sclerotics with a distinct greenish tinge that 
was particularly noticeable in the upper hemisphere of the globe. There was 
slight pyorrhea, hut the teeth were in fair condition. The base of the tongue 
was natural in consistency. There was a normal beard and well marked growth 
of hair in midline of trunk. The cervical and axillary lymph nodes were 
palpable, the inguinal nodes were slightly enlarged. The epitrochlears were not 
felt. In the right lower quadrant there was an old healed surgical wound. An 
extensive area of old scarred cutaneous ulceration was present over the left 
tibia. It was 15 cm. long and 4 cm. in greatest width. In its lower portion there 
was an area of active ulcer, measuring 6'2 by 3 cm. The floor was covered by 
granulation tissue, the margins were thin and irregularly outlined. The under- 
lying tibia bulged forward as two flattened mounds of bony hardness 


Peritoneal Cavity—Primary incision revealed a yellowish coloration of 


dermis, subcutaneous tissues and fasciae. The subcutaneous and peritoneal fat 
was orange colored. The muscles were deep red. The serosae were smooth 
and glistening. The appendix was absent. The mesenteric lymph nodes were 


not enlarged 

Pleural Cavities —The left contained about 150 c.c. of turbid yellowish fluid ; 
the right about 300 c.c. of seropurulent fluid with much fibrin. The surfaces 
were covered by a loose film of bright yellow fibrinopurulent exudate. Only 
traces of the thymus gland could be made out. 

Pericardial Cavity.—This contained about 100 c.c. of clear greenish fluid. 

Heart.—Weight, 335 gm. Valve measurements were normal. The myocardium 
was flabby, dull red in color. The valves and endocardium were negative. 
The covering and lining membranes were yellowish in color. The coronaries 
were negative. 

Lungs.—On the left side the upper lobe was pinkish gray, and crepitant in 
the upper and anterior portion, reddish and more resistant with decreased 
crepitation in posterior third. The surfaces of the lower lobe were covered by 
a thin film of yellowish fibrinopurulent exudate. The dependent half was dense 
and dull red. Beneath the pleura were a few irregular, grayish areas and there 
was a single larger area of similar appearance forming the center of a bulging 
mound of increased density that was capped by a thickened layer of exudate. 
Section here revealed an irregular sharply outlined area of grayish softened 
material, extending inward as a column 1.5 cm. long and from 4 to 5 mm. in 
width. The smaller subpleural areas mentioned showed a_ similar gross 
picture. The sectioned lung was, in general, pink to red with many deeper red 
areas of slightly increased density. These often surrounded slightly dilated 
bronchial lumina that exuded abundant pus. There was one old peripheral scar 
with overlying dense fibrous adhesions. The bronchial mucosa was swollen, 
reddened and bathed in purulent exudate. 

Right Side: All the lobes were of increased density. Their surfaces were 
covered by a layer of bright yellow fibrinopurulent exudate. On section, the 
surfaces were reddish and dotted with many deeper red areas. In some places 
the lung was collapsed, deep red in color and moist. In the lower lobe there 
was a peripheral wedge shaped area of firm yellow appearance with a softened 
granular center. It was like the areas already mentioned in the left lung. It 
was overlaid by a thick layer of dense fibrinous exudate. 

The bronchial lymph nodes were moderately anthracotic and moist. 


Spleen —The weight of the spleen was 28 gm. It had the shape of a flattened 
wedge, the anterior surface forming its base while the hilum appeared at the 
middle of the posterior ridge. The base measured 7 by 4 cm. and was pointed 


q 
a 
q 


GRAHAM—SICKLE CELL ANEMIA 783 


at the poles. The greatest thickness from base to apex of the wedge was 
25 cm. The organ was firm in consistency with a wrinkled capsule. The 
broad base showed numerous rounded slightly elevated nodulations with flattened 
summits. They were a slightly deeper red than the surrounding tissue and 
varied from 1 to 3 mm. in diameter. Toward one pole, the ridge like surface 
of the spleen was interrupted by a rounded mass of soft deep red tissue. It 
measured 2 by 2 by 17 cm. The splenic artery showed no abnormality any- 
where in its course and the veins likewise were free of gross lesions. On 
section, the splenic tissue was firm, dull red in color, with prominent, closely 
placed trabeculae and numerous vessels of relatively large size. The pulp tissue 
was evidently much reduced in amount. The splenic corpuscles were not made 
out. The most striking characteristic was the presence of many sharply out- 
lined rounded areas of brighter red color that had the appearance ot! pushing 
the older parenchymal tissue aside. They were dotted everywhere throughout 
the organ, and at the periphery gave rise to the nodulations noted on external 


examination. The largest nodule formed the tumor-like mass already mentioned 


Fig. 1—Spleen. The nodules of adenomatous hyperplasia stand out prom- 
inently as darker sharply outlined areas. 


This, on section, was found to consist of a soft, almost gelatinous deep red 
homogeneous material sharply outlined against the surrounding parenchyma. 
The smaller nodules varied from 1 to 3 mm., in one case 4 mm., in diameter 
and showed on a smaller scale the gross characteristics of the largest mass. 
Liver —Weight, 2,567 gm. Capsule smooth, color mahogany red. On section, 
the tissue was soft and friable. The cut surface was reddish with indistinct 
mottling of brown to yellow, sometimes suggesting the parenchymal network, 
but never showing a distinct pattern. The surface oozed a slightly turbid 
reddish material. 
The gallbladder was filled with thick dark green bile and contained three 
small faceted calculi of greenish black color. The ducts were patent. 
Pancreas —The gland was pinkish. The size and consistency were natural. 
Gastro-Intestinal Tract—There was a slight “shaven beard” appearance in 
the lymphadenoid tissue of the ileum just above the valve. The solitary follicles 
of the colon were slightly enlarged in some regions. 
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Suprarenals.—W eight 10 gm. Externally, the glands were brownish. On 
section, the cortex was brownish to brownish-yellow, the medulla china white 
and moderately abundant. The pigmented zone was of normal width 

Kidneys.—Weight 310 gm. The surfaces of both kidneys showed occasional 
irregular depressed scars. Some were of considerable size. They were located 
principally on the posterior surface and convexity. The largest scar occurred 
on the posterior surface of the left kidney, where it formed a slightly irregular 
trough from 2 to 3 mm. in width and reaching 3 mm. in depth. It extended 
from the hilum almost to the middle of the convex border, widening at the 
outer end. On section the capsule was found to be slightly adherent, but 
the underlying surface was relatively smooth. The cortex was from 6 to 7 mm 


in width There was slight generalized greenish-yellow coloration The 
glomeruli were prominent and the radial markings distinct. Labyrinth columns 
were yellowish gray. The most remarkable gross changes were found in the 


Fig. 2.—-Segment from right femur. Specimen consists of anterior half of 
shaft as it was split off by usual method for inspection of marrow. 


pyramids. A few of these were natural and a light dusky red in color. For 
the most part they showed more or less extensive areas of greenish yellow, 
scar-like tissue that often formed a cap in the papillary region, but extended 
outward to occupy the whole middle portion of the structure, leaving only a 
narrow marginal column of natural appearance. Again it formed narrow bands, 
extending from the papilla almost to the cortex. There were also frequent 
hemorrhagic areas from 1 to 3 mm. in size that often occurred about the margins 
of the scar-like lesions. In many cases, these pyramidal lesions appeared to 
coincide with the surface depressions of the cortex. There was slight yellowish 
mottling. 

Bladder, Prostate and Testes —These organs were free of gross lesions. 

Aorta.—There was very slight yellowish mottling of the intima in the lumbar 
portion. 

Head.—The calvarium showed no gross abnormalities. The dura was 
slightly tinged with yellow. Its sinuses were negative. The arachnoid fluid 
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filling the sulci was of light yellow color. The fluid within the ventricles was 
ilso bright yellow. The cerebrum, basal ganglions, brain stem, pons, medulla 
ind cerebellum were free of gross lesions except for a slight yellowish tinging 
i the tissues. The vessels of the base were negative. The middle ears were 
negative The pituitary was of natural size 


Spinal Cord—Except for the yellowish coloration of spinal fluid and 
meninges, no gross changes were made out 

Rones——The right femur was exposed and about two thirds of its shaft 
pened for inspection. The marrow cavity was reduced in size. Its diameter 


Fig. 3.—Left femur. The bone has been sawed longitudinally. Specimen 
shows greater portion of diaphysis. 


was from 4 to 5 mm. The cortical bone averaged 1 cm. in thickness. The 
outer 3 mm. of the shaft was natural in appearance, but the inner portion had 
a concentric lamellated structure, with columns of dark red marrow tissue 
alternating with layers of equal width consisting of dense bone. Dark red marrow 
filled the upper cavity. At about the middle of the bone this was replaced by 
a greenish-yellow fat or fibrofatty material, and the cavity became tortuous 
and reduced to from 2 to 3 mm, in diameter. Some islands of red marrow 
occurred in the lower half of the bone but they were of slight extent. The 
diaphysis of the left femur was removed and sawed longitudinally. The appear- 
ance was similar to that of the right femur (Fig. 3). The diaphysis of the 
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left tibia was also removed and opened (Fig. 4). The bone showed an elongated 
bulging enlargement toward the lower end. Cross section at the upper end 
showed a central fatty or fibrofatty marrow with much bony trabeculation. 
The inner half or two-thirds of the cortex was honeycombed and showed dense 
bony columns, interspersed with dark red areas of marrow tissue. The outer 
rim of cortex was of natural appearance. In longitudinal section the bone 
showed irregular distortion of its structures. The narrow peripheral zone of 
dense cortex outlined a wide inner zone of irregular medullization. At the 
upper and lower margins of the enlargement beneath the ulcer site there was 


Fig. 4.—Left tibia. The irregular loss of substance on anterior edge is 
the result of exploratory chiselling before the bone was removed. 


a deep extension of sclerotic bone that reached through the original marrow 
cavity to its posterior wall. At the middle of the enlargement the cavity was 
markedly widened and contained much cancellous tissue with deep red marrow. 
Above the enlargement there was deep sclerosis of the anterior wall of the 
shaft with practical obliteration of the marrow cavity, although a little marrow 
tissue survived in the cortex. Below the enlargement the cavity was irregularly 
obscured by transverse bone columns, but it reappeared at the lower end of 
the bone, where it was 1 cm. in diameter and filled with hyperplastic marrow. 

Bacteriology.—Cultures from the heart blood showed the presence of Strepto- 
coccus hemolyticus. 
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Microscopic Examination.—Tissue was fixed in formaldehyd, Orth’s fluid and 
Zenker’s fluid. Paraffin sections were stained by the eosin methylene blue 
method; fat and iron reactions were applied to frozen sections of formaldehyd 
fixed material. 

Heart.—There were no abnormalities beyond slight fat formation in scattered 
groups of muscle fibers. There was moderate lipochrome accumulation. 

Lungs.—There was generalized congestion and edema. The bronchial lumina 
were filled with leukocytes and contained large numbers of chained cocci. These 
organisms occurred also within the lumina of several larger veins. There were 
scattered foci of intense leukocytosis and fibrinous exudate in the air spaces. 
[he pleural surface was covered by a fibrinous network containing many leuko- 
cytes. In one section, an area of pneumonic exudation with necrotic center 
extended deeply from the pleural surface. Within the necrotic tissue there 
was intense growth of a chained coccus. The organisms spread laterally into 
the adjoining alveoli and were present in large numbers in the necrotic pleural 
covering. 

Liver —The lobular structure was obscured by a fine, patchy fibrosis irreg- 
ularly distributed through the central and midzonal regions of the lobules. Here 
in small areas the parenchymal cells were atrophied or destroyed. The sinusoids 
were more or less markedly dilated and engorged everywhere and the cell 
cords were relatively narrowed. In the sinusoids were large numbers of 
nucleated red corpuscles. They were often larger than the mature cells. Their 
nuclear material was abundant. It was often broken up into segments, the 
arrangement of which suggested mitotic figures but more commonly appeared 
as a basic-staining mass with ragged margins and coarse lobulations or as a 
network of coarse threads and bulbous enlargements. The sinusoids also 
contained occasional myelocytes sometimes grouped in small “islands.” The 
endothelial cells lining the sinusoids often contained brownish pigment 
granules, and in the larger elements or Kupffer cells were occasional 
erythrocytes. Red cells and pigment granules occurred occasionally in 
endothelial leukocytes lying free in the vessel lumina. The liver cells 
showed a coarse mottling from prominence of the intracellular bile capil- 
laries, which tended to retain the basic dye and which contained occasional 
small masses of inspissated bile. There was a moderate accumulation of 
brownish pigment granules in the liver cells. In some of the portal canals 
there was slight lymphocytic infiltration. Scarlet R showed only rare fat 
droplets. Under the Prussian blue reaction, the Kupffer cells were everywhere 
prominent as diffusely stained elements that showed also frequent iron- 
containing granules. Such granules occurred also with considerable frequency 
within the liver cells. 

Spleen —Capsule and trabeculae were thickened. The trabeculae were 
crowded together and there was an obvious reduction in the amount of paren- 
chymal tissue. The splenic corpuscles were usually of small size. Some of 
the central arterioles showed a fibrin deposit in intima and media or a wide 
wavy zone of hyalin beneath the endothelium. About many of the vessels 
was a concentric formation of fibrous tissue that was replacing the lymphoid 
structure. Fibrin deposits occurred also in this perivascular zone. There were 
occasional areas of scar formation that appeared to center about the foci of 
intense fibrin deposit. The fibrin was being replaced by collagen in some 
places while in others the threads became thickened and varicose and were 
encrusted with blood pigment and finally replaced by it. New and old collagen 
formations were closely approximated but eccasional columns of the original 
parenchyma persisted here and there within the scar area. At the margins of 
the area the fibrin extended as dense networks into the adjoining parenchyma 
where foreign body giant cells often formed about it. The giant cells contained 
fine eosin staining threads or more often masses of blood pigment. Treatment 
with ferrocyanid demonstrated a rich iron content in these areas. The fibrin 
network in the walls of isolated vessels also gave an iron reaction. 
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The sinusoids of the pulp were engorged and the columns contained a thick- 
ened reticulum whose spaces showed few typical splenic cells but many erythro- 
cytes. Erythroblasts and marrow cells appeared but they were few. There 
was no unusual pigment deposit outside the areas before mentioned nor 
was there any cellular phagocytosis. The tumor-like nodules noted in the gross 
description were rather sharply outlined. They consisted of a network of dilated 
sinusoidal vessels separated by pulp columns containing scattered splenic cells. 
Columns as well as vessels were engorged with blood. Within the vessels 
were many endothelial leukocytes containing red blood cells or more commonly 
crystalline masses of blood pigment. There was much of this pigment also in 
the lining endothelium of the sinusoids. Except in the marginal zone there 
were practically no larger vessels nor trabeculae and no definite splenic 
corpuscles 

Gastro-Intestinal Tract,—Sections from the stomach showed slight focal infil- 
tration of the mucosa by polymorphonuclear leukocytes. The peptic glands 
were normal. No lesions were present in the upper small intestine. In the 
ileum there was again a slight neutrophilic exudation in the mucosa. Some 
of the germinal centers of the Peyer's patch contained phagocytic endothelial 
leukocytes and occasional neutrophils, while a few eosinophils and neutrophils 
were scattered through the lymphadenoid tissue 

Panereas—In an occasional group of end pieces there was moderate 
neutrophilic infiltration. A few of the gland cells were degenerating and their 
cytoplasm was at times invaded by neutrophils. The parenchymal cells includ- 
ing those of the islets contained a considerable amount of fat in the form 
of fine droplets. 

Suprarenals.—These glands were negative except for well marked postmortem 
degenerative changes in the cortex. 

Lymph Nodes.—Sections were cut from bronchial, inguinal, mesenteric and 
para-aortic groups. The histology was the same in all, except that in the 
bronchial nodes there was a direct extension of the pulmonary inflammation 
as evidenced by the presence of polymorphonuclears in sinuses and parenchyma 
together with two small abscess cavities in the cortex. Scattered through all 
groups were a few marrow cells. Most of these were of the early type with 
deeply basophilic cytoplasm. There were, however, many eosinophilic and an 
occasional definite neutrophilic granular form. Rarely, a myeloblast was caught 
in mitosis. 

Kidney.—In general, the glomerular tufts were enlarged and the spaces 
narrowed. Lobulation was indistinct. The capillaries were engorged and con- 
tained numerous polymorphonuclear with occasional endothelial leukocytes. 
There was little fibrin formation. The cells of the convoluted tubules contained 
a yellow pigment and the lumina were filled with a serous coagulum. Pigment 
deposit was marked also in the distal segments. There were occasional narrow 
radial scars. Sections through the areas of gross scarring showed identical 
lesions on a larger scale. In these areas there was marked proliferation of 
the glomerular epithelium with later fibrosis. The epithelium formed a wide 
crescent that compressed the dome of the tuft, and as fibrosis took place tuft 
and thickened capsule were converted into a common mass. Axial remnants of the 
capillary loops persisted in some cases, and here the surviving vessels them- 
selves appeared free of lesions. In many glomeruli the dome of the capsule 
was little or not at all thickened but there was a dense fibrotic disk radiating 
in the capsule from the base of the tuft or ascending into one of its loops. 
Here also the eventual occurrence was a gradual centripetal fibrosis of the 
vascular structures. In the areas of gross scarring all the glomeruli were 
affected and many were completely sclerosed. There was advanced atrophy of 
the tubules and the stroma was infiltrated by large numbers of lymphocytes and 
plasma cells with occasional neutrophils and eosinophils. Many of the surviving 
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tubules, particularly in the middle and lower zones of the cortex contained 
casts. The largest sectioned area of mjury spread widely in the subcapsular 
zone Jelow this it narrowed rapidly toward the medulla but continued to 
show inflammatory exudate, together with fibrosis and tube changes. Begin- 
ning at the level of the junction of the upper and middle third of the pyramid, 
there was a sharply outlined area of interstitial fibrosis into which some of 
the tubules could be followed for a short distance. For the most part, how- 
ever, this area contained only widely spaced shadows of atrophied tubules 
and rare blood vessels. There were occasional excretory tubules, the epithelium 
of which contained many coarse brownish yellow pigment granules. Occasional 
neutrophils occurred, especially about the degenerating tubules. No arterio- 
sclerotic changes could be made out in large or small arteries. The petechial 
areas noted in gross description as occurring in the pyramids appeared micro- 
scopically as collections of widely dilated capillary vessels deeply engorged with 
blood that carried many leukocytes. The tightly compressed red cells in some 
of the vessels showed considerable elongating deformity. Scarlet R demon- 
strated a patchy fatty change in the distal portions of the cortical tubules, 
particularly in those of scattered medullary rays. The fat became more prom- 
inent in the collecting tubules of the medulla and was especially marked in 
those lying within the scar areas Much iron-containing pigment was demon- 
strable, particularly in the convoluted tubules. 

Thymus Gland.—The parenchyma was represented merely by small columns 
or islands of typical highly vascular tissue embedded in fat. There were no 
typical Hassall’s corpuscles. There were, however, occasional small sharply 
outlined rounded collections of cells with large vesicular nuclei and relatively 
large cell bodies of clear or faintly reticulated eosin staining cytoplasm. Such 
cells were crowded together as a mosaic, showing distinct contact lines between 
adjoining cells. Again, there were similar cells that occurred in irregular sheets 
of indistinct outline 

Testes.—Spermatogenesis was active There were no lesions 

orta.—Negative. 

The Cerebrai Cortex, Basal Ganglions, Cerebellum, Medulla and Cord.— 
Negative. 

Choroid Plexus.—Negative. 

Pituitary Gland.—Acidophilic and basophilic cells of the anterior lobe were 
present in normal ratio. A few lymphocytes and plasma cells occurred in the 
pars intermedia and posterior lobe. 

Bone Marrow.—The tissue was a closely crowded mass of erythropoietic and 
leukopoietic cells. There were many myeloblasts, sometimes in mitosis, and 
larger numbers of neutrophilic myelocytes. There was about the usual propor- 
tion of eosinophilic myelocytes. There were occasional eosinophilic and fewer 
neutrophilic polymorphonuclear leukocytes. Particularly striking was the great 
number of nucleated red cells. These often showed a well marked arrangement 
in columns or islands, separated by areas in w hich the cells were predominantly 
myeloblastic. The nuclei were often broken up by karyorrhexis Megakary- 
ocytes are rather more frequent than normally. In a few cases one or two 
neutrophils were included within the cytoplasmic body of these cells. The 
cells of the reticuloendothelium occasionally contained golden yellow crystals 
ot hlood pigment. 

Bone.—Transverse sections were cut through the upper ends of the femur 
and the left tibia. They showed a slightly irregular periosteal surface with 
fF recent osteogenesis. The outer 


frequent Haversian depressions and traces ot 
zone of the cortex was natural but toward the middle of the bone it quickly 
became invaded irregularly by larger and smaller spaces containing hyperplastic 
marrow tissue. Some of these spaces appeared to cut through the older lamellae. 
Smaller examples are recognizable as enlarged Haversian or Volkmann canals 
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They may approach to within 1 mm. of the periosteal surface. The medullized 
bone extended in some sectors to the center of the shaft, and consisted of 
a close network of wide dense trabeculae outlining spaces filled with hyper- 
plastic marrow. Again, there was a central or paracentral area, with delicate 
cancellous bony framework and wide spaces filled with a loose fibrous granula- 
tion tissue. In some sections a wide area of acellular hyaline material occurred 
at the center of this scar tissue. Scattered through it and extending some- 
what into the peripheral loose fibrous tissue were many larger and smaller 
collections of delicate golden yellow threads of crystalline brilliance. In some 
cases they were surrounded by a thin zone of lymphocytes while occasional 
endothelial leukocytes in the vicinity had phagocyted the pigmented threads 
[The trabeculae nearest the necrotic center of such an area showed marginal 
necrosis, but in the granulation tissue zone were foci where old trabeculae were 
being added to or new ones appeared to be in the course of construction through 
a process of intramembranous osteogenesis. Peripherally, the granulation tissue 
with its occasional foci of lymphocytic infiltration merged at times into fatty 
marrow and this in turn was replaced by a highly cellular red marrow. Some 
of the more central marrow columns showed areas of hemorrhage with some 
necrobiosis and considerable fibrin formation 

The bone from which these sections were cut was hardened in Kaiserling’s 
fluid. Unlike the cells in blocks fixed in Zenker’s fluid, the erythrocytes here 
showed marked deformity. They exhibited all the distortions of shape previously 
seen in fresh blood preparations. They were particularly liable to great elonga- 
tion As seen within an engorged vessel, they often assumed a concentric 
whorl appearance 


SUMMARY OF GROSS AND MICROSCOPK DIAGNOSES 


In this case, examination revealed: Acute streptococcic bronchopneumonia 
with early empyema; streptococcic bacteremia; anemia associated with sickling 
deformity of the red blood cells; icterus ; splenic atrophy; splenadenoma ; chronic 
osteomyelitis with repair and hyperplasia of marrow and osseous tissue; chronic 
periostitis and osteitis of tibia; acute intracapillary and chronic productive 
capsular glomerulonephritis; chronic hepatitis; metastatic hematopoiesis in 
liver, spleen and lymph nodes; hemosiderin pigmentation of liver and kidneys; 
chronic pretibial skin ulcer ; cholelithiasis. 


COMMENT 


Etiology —As with many other conditions whose causation is 
obscure, it was at first suspected that this disease might be a manifesta- 
tion of tuberculosis or of syphilis. There has been no evidence to sup- 
port either assumption. Herrick’s patient was a West Indian, and had 
been in this country but three months when examined. He had suffered 
an attack of yaws ten years previously, but had recovered after a vear. 
\ll the other patients have been natives of U.S. Four cases have 
originated in Virginia, one in Missouri, two in Maryland. Syden- 
stricker’s two detailed cases occurred in children, presumably natives of 
George. The subject of this report was born in southern .\labama 
and had lived all his life in this state. The disease appears then to be 
widely distributed. In all cases, repeated search has failed to reveal the 
presence of parasites in blood or stools. One of Sydenstricker’s patients 


had a history of malaria six months previously, but had recovered. 
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Blood cultures have been negative in all cases investigated. EEmmel * 
suggested the possible inheritability of the disease. Huck and Syden- 
stricker have offered valuable evidence to support this idea. From a 
study of affected family groups, Huck concluded that the disease 1s 
transmitted according to the Mendelian law for the inheritance of a 
single factor and finds that the sickle cell condition is dominant over the 


normal, 
Symptomatology.—The most prominent symptom is a_ chronic 
inemia that makes its appearance in childhood. Associated with it 


ire the complaints common to any anemia. The patient is weak, easily 
fatigued, breathless on slight exertion. Sometimes there is edema 
if the feet and ankles, dizziness and headache. Night sweats are 
common. More significant is the history of recurrent attacks of acute 
illness characterized by moderate or severe pain and_ stiffness in 
muscles and joints without evidence of local inflammanuon. There 
is often sharp epigastric pain which is especially marked after eating. 
his may be the only complaint. Sydenstricker emphasizes left 
hypochondriac pain. Fever accompanies the attacks. It is usually 
if low grade but may reach 101 F. In this case it touched 103 F. 
lhe duration of the period of relapse is ordinarily from one to two 
weeks; of the remissions, several months or even vears. Chronic leg 
ulcer has been present in the adult cases. In the patient of Cook and 
Mever it made its appearance at the age of 5 vears, in Herrick’s patient 
at about 10 years, and in our own at about 15 years. It appeared at 
20 and 21 years in the cases of Washburn and Mason and was absent 
in both of Sydenstricker’s patients (aged 51. and 6 years, respectively ). 
lluck states that these patients are unusually susceptible to infections, 
particularly tonsillitis and pneumonia, and that they seldom live beyond 
the age of 30 years. 

These are the chief points in active cases of the disease. Systematic 
examination of patients’ relatives and of nonselected individuals has, 
as already noted, brought to light evidence that the disease exists in 
many degrees of severity. Huck divides his cases into three groups as 
the patient showed symptoms that were (1) absent, (2) mild and 


(3) severe. Those with absent symptoms “go through life as normal 
persons.” Those with mild symptoms complain only of occasional 
periods of weakness and fatigue and possibly of slight pain in muscles 
and joints. The one feature common to all types is the sickling of the 
red cells in vitro. Sydenstricker accepts sickling of the red cells as 
pathognomonic but believes that subjective symptoms are always present 

8. Emmel, Victor E.: A Study of the Erythrocytes in a Case of Severe 
Anemia with Elongated and Sickle-Shaped Red Blood Corpuscles, Arch. Int. 
Med. 20:586 (Oct.) 1917. 
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in mild form at least and that these are accompanied by detinite objective 
signs. He divides the disease merely into “active” and “latent” phases. 

Objective Signs —One of the most striking objective signs is a 
peculiar greenish or greenish-yellow scleral discoloration. According 
to Sydenstricker, this is constant in both active and latent cases. In 
the original case, Herrick noted “a tinge of yellow”; all other authors 
have reported a greenish or greenish-yellow color. In our case physical 
examination made before the diagnosis was established records greenish 
sclerotics. This chart notes also a suggestion of icterus in the skin. The 
only other mention of this condition is made in one of Sydenstricker’s 
cases, vet if the necropsy findings in our case may be taken as typical 
there is no doubt that there is a very definite jaundice. The mucous 
membranes are pale. General glandular enlargement has usually been 
noted. In our case only the inguinals and some posterior cervicals were 
suggestive of enlargement. The heart is usually slightly enlarged and 
there may be a soft systolic murmur and an accentuated pulmonic second 
sound. The lungs are negative. The blood pressure is low, from 100 
to 105 systolic and from 55 to 7O diastolic. The pulse is rapid and 
may show marked hourly variations in rate. The liver is usually pal- 
pable with its margin from two to three fingerbreadths below the costal 
margin. It may be slightly tender. No spleen is palpable. The reflexes 
are active. Leg ulcer or scar is usually found at least after childhood 
and may occur even in latent cases. 

Laboratory Findings.—The blood and urinary findings as given 
for our present case are in practically all respects typical. In active 
cases the red count is low (from 1!. to 2 millions), and the hemo- 
globulin is proportionately reduced so that the color index varies from 
1 to a little above 1. Bleeding and clotting time are normal. The 
platelets are normal or slightly increased in number (from 300,000 to 
500.000). One of our counts showed 400,000; a> second 500,000. 
There is some anisocytosis and poikilocytosis and often well marked 
polychromatophilia. Nucleated red cells (normoblasts, intermediates or 
rarely megaloblasts) are usually present. In our case they appeared 
in much larger numbers than in previous cases. On one occasion there 
was a veritable shower of these forms so that they outnumbered the 
leukocytes by 50 per cent. Reticulated red cells are numerous (from 10 
to 35 per cent.). There is well marked bilirubinemia. 

The white count varies widely. In active cases it usually ranges 
from 10,000 to 20,000, but has reached 64,000. The eosinophils and 
basophils may be slightly increased and a few myelocytes are present. 
One finding that has attracted considerable attention since first noted 
by Emmel is the presence of endothelial leukocytes (the so-called large 
mononuclear and transitional cells) that have picked up erythrocytes 
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and carry them within their cytoplasm. It has been suggested that this 
phagocytosis of the red cells may be a factor in the causation of the 
anemia. There is variance in the opinions as to its frequency. Syden- 
stricker states that it is always found, but Huck disagrees with this 
»osition. In our case, not a single example was found in the numerous 
slides studied, nor is there much evidence of its occurrence even in the 
visceral blood spaces. 

Sickling of the red cells is of course the outstanding phenomenon. 
In our own case, smears made as fer routine bloud study alweys 
showed a few characteristic forms and this appears to be true generally 
for active cases. Complete demonstration of the sickling can be had, 
however, only by sealing a fresh drop of blood under a glass cover 
and studying after an interval of several hours or longer. The per- 
centage of the cells that take on the bizarre shapes is said to vary pro- 
portionately with the severity of the disease. Emmel* who first studied 
‘culture” preparations in the blood of Cook and Meyer's patient and 
in that of her father, found that “sickles” disappeared from the patient's 
fresh blood during remission and that they were completely lacking in 
the father’s fresh blood. The latter had never shown active symptoms. 
In both, sickling gradually developed in sealed preparations, but the 
father’s never showed as high a percentage of deformed cells as did 
the daughter's. These findings have been substantiated by later work. 

It is stated that the red cells show normal or decreased resistance to 
hypotonic salt solutions." Svdenstricker states * that there is a “slight 
extension of the range of dilutions in which hemolysis occurs.” In our 
case there is considerable downward extension of the range through 
which the red cells resisted complete hemolysis. 

The urine is of a deep brown color, due to the presence of urobilin. 
Our patient stated that during remission this color disappeared. There 
‘<a trace of albumin and a few casts are always present. The specific 
gravity is fixed, usually at a level of about from 1.010 to 1.012; in our 
case at a slightly higher level. There ts good phenolsulphonephthalein 
output. It is stated that gastric analysis shows diminution or absence 
of free hydrochloric acid. Blood cultures have always been negative 
and no parasites have been found in the blood or feces. The Wasser- 
mann blood test is negative and there is no evidence of any relationship 


with tuberculosis. 


Observations on the Sickling Phenomenon. -_Emmel found the red 
cells unusually soft and pliable. He tried to discover by simple experi- 
ment whether the foundation for the sickling change lay in the cell itself 
or in the plasma. While the evidence showed that the principal factor 
lay in the cell, he concluded that both cell and plasma may be abnormal 


and that the altered plasma may in some way me idify the osmotic rela- 
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tionships of the cell's lipoidal surface membrane. As a result the con- 
cavity that transtorms the originally globular erythrocyte into a bicon- 
cave disk is displaced toward the cell margin, where it forms a lateral 
film that disappears and leaves only a thickened marginal crescent of 
the cell. Huck and Sydenstricker have extended Emmel’s experiments. 
Both conclude that the real abnormality lies within the red cell. Cells 
from a case of the disease show the sickling change in normal serum 
but the serum is without effect on normal red cells. 

Emmel found that sickling was “not as marked” in a free hanging 
drop of blood as in the preparation spread beneath a cover glass. This 
was noticed in our early specimens and repeated trial confirmed the 
observation. We tailed also to get sickling in cells received directly 
into normal saline or in citrate in saline. This is contrary to Huck’s 
findings. Sydenstricker ° states that cells suspended in 0.85 per cent. 
sodium chlorid and in isotonic glucose solutions underwent no changes 
even after the lapse of a week. [lis conclusion is that serum is essential 
to the change. He finds also that bile and bile pigments or sodium 
glvcocolate in high dilutions accelerate the red cell changes and that 
cold inhibits them. No disturbances are produced in rabbits by the 
inoculation of diseased blood. 

Cell deformity did not occur in every preparation made in our case 
nor was it uniform throughout the area of any single preparation. 
On one occasion, three cover glass preparations were made. All failed 
to develop any sickling. On another day, one of three preparations 
failed to show it although all three had been prepared, so far as we 
could determine, in the same way. In a given preparation, sickling 
occurred at different rates of speed and in different percentages in 
different zones of the drop. The thicker layer usually formed at the 
margins of the cover glass often dried without showing cell deformity ; 
in the middle zone where the layer was somewhat thinner there was 
marked rouleaux formation and sickle cells appeared slowly and in 
relatively few numbers. The optimum location for the occurrence of 
deformity was in the thinner portion of the film located usually toward 
the center or sometimes toward one side of the cover, where the film 
was compressed by maximum approximation of cover to slide. Taken 
in conjunction with the fact that very few deformed cells can be found 
in a hanging drop preparation, this suggests that deformation 
is a physical change dependent on a peculiar lability of the red cell. 
The absence of deformity in cells received into isotonic salt solutions 
and mounted in them in the usual way suggests, however, that there 
is also a physicochemical factor involved. Little or no deformity occurs 
within the blood vessels. Blood taken from the heart and from the 
longitudinal sinus twenty hours after death showed sickle cells in about 


the same percentage as blood taken during life. One-half hour 
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later there were about 50 per cent. deformed cells and in six hours, 
close to 100 per cent. In tissues fixed in Zenker’s fluid and embedded 
in paraffin the erythrocytes show no abnormality. It is of interest, 
however, that after fixation in 10 per cent. formaldehyd and 
paraffin embedding, blocks from the same tissues show marked sickle 
deformity. The same is true ef tissue hardened in Orth’s fluid and 
rushed rapidly through the paraffin series. The proved superiority of 
Zenker’s fluid as a cell preservative admits no doubt that the deformities 
seen in fixed tissues are artefacts due to physicochemical changes taking 
place in the erythrocytes during fixation. 

Pathology.—The following discussion is based largely on study ot 
the tissue changes in a single case. Such conclusions as may have been 
arrived at must be held subject to revision. In the case studied, the 
presence of a streptococcus pneumonia with bacteremia may have 
obscured or changed preexisting lesions and added new elements well 
calculated to confuse the picture. There are, however, distinctive 
lesions that must have antedated the fatal infection and these appear to 
fit together into a fairly definite pathologic syndrome consistent within 
itself, and generally in accord with the clinical findings not only in this 
case but in others. 

As would be expected, the outstanding lesions are those of the 
hematopoietic system. All three of the long bones examined show 
rather remarkable gross and microscopic changes. The picture is 
essentially that of a chronic infectious or toxic injury of the marrow 
tissue and medullary bone with subsequent repair processes and com- 
pensatory hyperplasia. There is focal necrosis destroying the soft tissue 
and injuring the bone trabeculae. The necrotic marrow is being 
replaced by a loose granulation tissue while bone repair is also in evi- 
dence. At times the process of new bone formation has proceeded so 
far as to narrow and distort or even to destroy the original marrow 
cavity. Driven from its original site, the marrow tissue appears in 
some places to have shifted outward into the thickened cortex, where a 
process of medullization had opened for it a series of wide crevices in 
which there has appeared a regeneration and even a compensatory 
hyperplasia of the blood forming cells. In the tibia of the ulcer bearing 
leg, the picture is complicated by a periostitis and osteitis beneath the 
ulcer site. Here foci of intense osteosclerosis extend deep into the bone 
substance, but in the middle of the bony enlargement there is also a 
rarefying process that has hollowed out a wide bone cavity. This is 
filled with hyperplastic marrow, so that despite the practical obliteration 
of the marrow space at some levels of the bone its total capacity is 
probably greater than the normal. In the hyperplastic foci the marrow 


tissue is actively at work. The formative cells of the leukocytic series 
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are prominent but the greatest degree of activity is shown by the 
ervthrogenic elements. These are often arranged in distinct islands !ike 
those of an embryonic marrow. The megakaryocytes likewise are more 
numerous than in the normal adult bone. During life, all these 
circumstances were reflected in the circulating blood with its many 
nucleated red cells, high white count and increased platelet content. In 
all three of the previous necropsies, the marrow has been reported as 
hyperplastic but there is no mention of lesions affecting the bone 
substance. 

The spleen is unusually small. The same was true in Huck’s case 
and in the first of Sydenstricker’s. In the latter’s second case it was 
enlarged and contained multiple infarcts. The noteworthy shrinkage is 
explained by the atrophy of the pulp tissue. The lymphadenoid tissue 
of the corpuscles has suffered to less extent but here also there is slow 
fibrous replacement proceeding outward from the central arterioles. 
Here and there through the tissue are peculiar scar areas of microscopic 
size somewhat suggesting healing infarcts, but probably best inter- 
preted as focal areas of toxic parenchymal destruction. They may be 
likened to those found in the bone marrow. In both situations the 
affected areas show much fibrin formation but little else in the way of 
inflammatory change. In neither case is the exact manner of origin 
plain, although it can be better understood in the bone marrow than 
here. The fibrin laid down in the walls of isolated blood vessels offers 
evidence that some toxic substance is at work. It is probable that the 
pulp lesions are built up about foci where fibrin deposits have occurred 
in or about the smaller pulp vessels. The fibrin is of varying age as 
evidenced by the fact that at the margins of scar areas, where possibly 
the cause is still operative, the fibrin is natural in appearance and 
staining reaction while in other places it appears to have absorbed more 
or less blood pigment. In older portions of the lesions it is being 
replaced by dense fibrous tissue. Not the least puzzling feature is the 
presence of the many rounded tumor-like areas of homogeneous dark 
red rather soft tissue. In the gross, they are sharply circumscribed and 
unlike the irregular blotches of true hemorrhage. Further, they distend 
the capsule as scattered flattened nodules and the largest representative 
is elevated above the surface in the hilum region as a distinct mass, 
the naked eye appearance of which strongly suggests that of a small 
accessory spleen. Microscopically they consist of a poorly developed 
splenic pulp engorged with blood. The engorgement, together with the 
abundant evidence of erythrocytic destruction, might be urged in favor 
of the view that they are only areas of hemorrhage. But the general 
formation as well as the absence of larger vessels and of well developed 
splenic corpuscles is believed to indicate rather that they are regenerative 
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foci of hyperplastic splenic tissue, the so-called “splenadenoma.” Such 
younger areas might conceivably be active, while the older parenchyma 
has become atrophied and relatively functionless. 

The changes in the liver are those of an active attempt to dis- 
pose of unusual amounts of free blood pigment. In addition, there 1s 
evidence that a certain amount of hematopoiesis is taking place. The 
sinusoids contain great numbers of red cells, many of them of large 
size. Some appear to contain mitotic figures. The occasional small 
collections of marrow cells convey a definite suggestion of metastatic 
marrow tissue. .\ moderate amount of bile pigment is present in the 
parenchyma, but it is by no means as abundant as would occur with 
blockage of the bile channels. In passing, it may be recalled that the 
patient’s serum during life was found to give a negative direct but a 
positive indirect Van den Bergh test for bilirubin. The anatomic find- 
ings support the claim that such a reaction indicates a toxic rather than 
an obstructive jaundice. 

There is an acute intracapillary glomerulonephritis and, particularly 
in the areas of gross scarring, a well defined chronic productive capsular 
glomerulonephritis. In its irregular focal distribution, the latter lesion 
does not conform to the usual picture in healed glomerulonephritis. 
Focal scarring is known to occur, however, and it is probably unneces- 
sary to set such cases apart in a separate group as is done by Lohlein. 
In Sydenstricker’s first case, the child, aged 515 years, showed well 
defined renal disease with large, pale finely scarred kidneys presenting 
the microscopic picture of acute intracapillary glomerulonephritis and 
pericapsular fibrosis. The condition of the kidneys is not reported for 
his second necropsy. In Huck’s case, the kidneys are described as small 
and scarred with adherent capsule. No microscopic examination is 
reported, but in a subject aged 17 years, such a gross picture would 
suggest the possible presence of a chronic glomerulonephritis. There 
seems, then, to be a pronounced tendency toward the appearance of 
acute and chronic glomerulonephritis in these cases. The question 
arises whether this may be primary or secondary to the hemolytic 
phenomena, or whether both result from the activity of a single factor. 
The latter view seems most plausible. Both may result from toxic 
substances producing these and other lesions discovered. Such a toxin 
might originate in a streptococcus infection. Certainly the streptococcus 
is the organism most commonly proved as the source of injury to the 
glomerular apparatus. In our case we know that a virulent streptococcus 
infection is associated with at least the present glomerular disease. 
The medullary scarring is probably to be referred to the action of the 
same agent that produced the glomerular disturbance. In many cases 
it is established in continuity with the cortical damage, although this 
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is not proved for every area. The marginal dilatation and overfilling 
of the capillary vessels is perhaps an expression of the hemorrhagic 


character often exhibited by glomerulonephritis. 


COMMENT 

From a survey of the clinical and pathologic findings described, 
certain tentative conclusions may be justified. That the disease is a true 
hemolytic anemia is clear. The clinical picture is dominated by evidence 
of marked blood destruction. There is generalized icterus with marked 
urobilinuria and bilirubinemia. The red count is low and unusual num- 
bers of nucleated and reticulated cells are present in the circulation. 
Much hemosiderin is deposited in liver and kidneys. The dis- 
ease is not pernicious anemia nor is it hemolytic jaundice, although 
in certain features it resembles both. It is like pernicious anemia in 
its long course with intermittent remission and relapse. Clotting 
factors are normal and the erythrocytic resistance to hypotonic salt 
solutions is normal or even increased. It is unlike it but on the 
contrary similar to hemolytic jaundice in its marked familial char- 
acter and jaundice. The platelet count is high and unusually 
high percentages of reticulated erythrocytes occur in the blood. In 
the fresh state the red cells show no noteworthy morphologic nor 
tinctorial changes except for the pathognomonic sickling. The 
markedly atrophic spleen sets the disease off as apparently distinct 
from pernicious anemia and even more sharply from hemolytic 
jaundice, splenic anemia or other splenomegalic blood destructive condi- 
tion. It is to be noted, however, that if the foregoing interpretation of 
the splenic nodules is correct, there may be an element of “hyper- 
splenism” in the pathogenesis of the disease. 

Two interesting characteristics are generally accepted as constant for 
the disease. These are its familial nature and its restriction to persons 
of negro blood. Many of the blood dyscrasias show more or less distinct 
inheritability and the familial character offers no new problem. But the 
racial specificity is unique. If found to hold true, this would indicate 
that the primary basis for the disease must be laid in conditions far 
removed from any possible accident of environment and even from any 
immediate familial influences. To cover such a conception we must 
assume that the disease depends primarily on some fundamental racial 
peculiarity of the blood-forming tissues. An interesting question is 
raised by the fact that many persons have been discovered whose blood 
cells show the sickling phenomenon, but who appear otherwise to show 
no departures from the normal. Should such persons be considered as 
suffering from sickle cell anemia? The condition here might perhaps 


better be conceived of merely as a constitutional anomaly, a “status 


wa 
7) 


GRAHAM—SICKLE CELL ANEMIA 799 


hemicus” comparable to the well known “status lymphaticus.” .\s in 
the latter condition, the state may not be incompatible with good health 
until such time as the organism may be subjected to special stress of a 
type capable of bringing to light the inherent weakness. The nature 
of such excitant is, of course, problematical. It might be some toxic 
agent, acting directly on the hematopoietic tissues. Rather more prob- 
able would be some nutritional or metabolic disturbance, particularly in 
view of the negro’s frequent dependence on a pt iorly selected and insuffi- 
cient dietary. The bones and marrow are sensitive to metabolic upsets. 
In a case of fatal rickets in an infant studied recently, the long bones 
showed extreme fibrosis of the marrow while the shaft had become a 
loose cancellous structure containing islands of a marrow that seemed 
to be struggling to re-establish itself in its former place of residence. 
The lesions in the present case suggest to a certain degree the adult 
prototype of such changes. In the infant, there was a prom sunced migra- 
tion of marrow cells of all types into liver, spleen and lymph nodes. In 
the present case there is a suggestion of similar metastasis. The 
infant’s blood carried many more immature cells than were present here. 
There is the further possibility that infection may be the immediate 
exciting agent in the production of the acute seizures typical of the 
fully developed disease. There is a certain amount of direct evidence 
in favor of this view. Subjects of the disease are said to be peculiarly 
liable to infections and particularly to tonsillitis. The intermittent char- 
acter of the attacks may be due to a recurrent lighting-up of some 
persistent focus of infection. Here, indeed, might be a reason for a 
tendency toward relapse after exposure to cold, The phagocytosis of 
red cells by endothelial leukocytes in the blood stream, as noted in other 
cases, is a phenomenon that is well known to occur in acute of chronic 
sepsis and particularly in infections by the streptococcus. In our present 
case there was at least terminal streptococcus infection with character- 
istic glomerulonephritis, and it is perhaps significant that the older renal 
lesions found at necropsy are likewise of a type often associated with 
streptococcus infections. It is further noteworthy that in previous 
cases studied by necropsy there is evidence of similar renal disease. The 
fever accompanying relapse may indicate infection although it may, of 
course, result from the active hemolysis itself or from some nonbactetial 
disturbance of bodily metabolism underlying the hemolysis. 


SUMMARY AND CONCLUSIONS 
Sickle cell anemia has been held to constitute a definite disease entity. 
The present clinical and pathologic study of a well defined case is 
believed to confirm that view. Characteristic signs and symptoms are 
readily demonstrable by clinical and laboratory methods, while post- 
mortem examination reveals interesting lesions particularly affecting the 


hematopoietic system. 
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The number of cases thus far studied at necropsy is too limited 
to allow the formulation of any far-reaching conclusions as to the 
exact nature of the disease. A tentative working hypothesis may, how- 
ever, be proposed. The condition may consist in an underlying status, 
determined primarily by deeply rooted racial characteristics and brought 
into clinical evidence in occasional persons through the immediate action 
of toxic, metabolic or infectious exciting agents. There is a certain 
amount of evidence favoring the view that this immediate causative 
factor is bacterial and particular suspicion is directed toward the 


streptococcus. 
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THE PRODUCTION OF EXPERIMENTAL 
DIABETES INSIPIDUS * 


GEORGE M. CURTIS, M.D. 


CHICAGO 


INTRODUCTION 


The nature of that anomaly of metabolism known clinically as 
diabetes insipidus is not clear. One reason is its infrequency. Only 
fifteen cases were found in a recent study ' of the records of over 
173,000 admissions to the Presbyterian Hospital. Statistics, largely 
from American hospitals, compiled by Williams? give an incidence 
of about nineteen cases in each 100,000 admissions. It has been found 
dificult to hold patients suitable for metabolic study under extensive 
experimental observation.* The condition is chronic, cases are usually 
ambulatory and there is not the fear of complications, such as the coma 
of diabetes mellitus. Thirst experiments especially are not well borne, 
owing to the severity of this symptom. An attempt to reproduce the 
disease experimentally in dogs has consequently seemed desirable. 

Polyuria, usually transient in character, has frequently been pro- 
duced by experimental injury to different parts of the brain. Bernard * 
noted polyuria subsequent to puncture of the floor of the fourth ven- 
tricle just ahead of his diabetic piqure. Eckhard * added other regions, 
the pons, a lobe of the cerebellum, injury to which resulted in an 
increased urinary output. Kahler ° was even able to produce in rabbits 
polyuria of weeks’ duration, by injection of silver nitrate into the floor 
of the fourth ventricle. Camus and Roussy* found that puncture of 
the area about the stalk of the hypophysis, the optopeduncular area, 
commonly resulted in polydipsia and polyuria, even of months’ duration. 

Experimental procedures on and about the hypophysis are fre- 
quently followed by polydipsia and polyuria. This was noted as early 

* Presented before the Chicago Society of Internal Medicine, April 28, 1924. 

*From the Department of Surgery of Rush Medical College, and the Hull 
Anatomical Laboratories of the University of Chicago. 

1. Unpublished data. 

2. Williams, J. R.: Endocrinology and Metabolism 4:861, 1922. 

3. Christie, C. D., and Stewart, G. N.: Study of a Case of Diabetes Insipidus 
with Special Reference to the Mechanism of the Diuresis and of the Action of 
Pituitary Extract in It, Arch. Int. Med. 20:10 (July) 1917. 

4. Bernard, Claude: Legons sur les proprietés physiologiques et les altera- 
tions pathologiques des liquides de l’organisme, Paris, 1859, Vol. 2. 

5. Eckhard, C.: Ztschr. f. Biol. 44:407, 1903. 


6. Kahler, O.: Ztschr. f. Heil. 7:105, 1886. 
7. Camus, J., and Roussy, G.: Presse méd. 22:517, 1914. 
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as 1892 by Vassale and Sacchi,* who attempted to destroy the hypophysis 
in dogs and cats through the buccal route. It has been extensively 
confirmed by many investigators, notably Cushing * and his associates. 
It is not so clear, however, that the increased water transport is subse- 
quent to pituitary disturbance. Accumulating experimental evidence, in 
the work of Camus and Roussy,’® Houssay,'' Hanchett,'? and Bailey 
and Bremer,’* points rather to injury of the hypothalamus in the region 
ot the pituitary stalk. 

Hanchett,'* in his experiments, found in Dog 2 that polyuria fol- 
lowed an accidental burn of the mammillary bodies, and that necropsy 
revealed the “hypophysis intact.” In extensive later experiments in this 
laboratory, he was able to produce transient polyurias consistently by 
traction on the pituitary stalk and attached floor of the third ventricle. 
He concluded that: “The degree of polyuria was roughly in proportion 
to the amount of traction.” 

Consequently, in attempting to produce polyuria and polydipsia of 
long duration, an experimental diabetes insipidus, it seemed logical to 
injure the brain in the area about the attachment of the hypophysis. 
The general plan followed was to expose this area, injure it, and keep 
the animals under subsequent daily observation in metabolism cages. At 
the end of an experiment the dog was killed, necropsied, sections made 
of the viscera and serial sections prepared of the hypophysis and 
adjacent hypothalamus. 

Among six experiments on animals with polyuria it was possible 
to produce one lasting for nearly five months. An extensive study of 
this case has shown it to correspond most closely to those clinical cases 
of diabetes insipidus, known as primary or functional polydipsias. 

Both young and adult dogs were used throughout the experiments. 
The best results were obtained with young animals. The cages were 
kept clean and the food and water supply controlled, as well as the 
urinary output. In the later experiments variations in the water 
exchange, resulting from operation and other procedures, were carefully 
noted. Urinary solids, specific gravity, chlorid concentration reaction, 


and presence of sugar, acetone or albumin were determined daily in 


8. Vassale, G., and Sacchi, E.: Riv. sper. di freniat. 18:525, 1892; ibid. 
20:525, 1894 

9. Crowe, S. J.; Cushing, H., and Homans, J.: Bull. Johns Hopkins Hosp. 
21:127, 1910. 

10. Camus, J., and Roussy, G.: J. de physiol. et de path. gén. 20:509, 1922. 


11. Houssay, B.: Endocrinology 2:94 (April-June) 1918; Compt. rend. Soc. 
de biol, 81: 381. 1918. 

12. Hanchett, M.: Am. J. Med. Sc. 163:685 (May) 1922 

13. Bailey, Percival; and Bremer, Frédéric: Experimental Diabetes 
insipidus, Arch. Int. Med. 28:773 (Dec.) 1921. 

14. Hanchett, M.: Proc. Inst. Med. Chicago 3: (Feb.) 1921 
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animals with polyuria over periods of from one week to four months. 
Some idea of the normal water exchange and associated phenomena has 
been gained by a similar study of twelve normal control animals over 
periods of from one week to three months. More limited studies were 
made of the blood chlorid in normal and polyuric animals. 

In an attempt to determine something of the nature of the increased 
water exchange, various tests were made on the animals with poly- 
lipsia and polyuria, such as phenolphthalein elimination, water restric- 
tion, starvation, giving chlorids, varying the diet and injecting pituitary 
extract. 

METHODS 

In order to expose the hyp thalamic region, two routes of approach 
were followed, the buccal and the temporal. ‘The buccal route was used 
hy Dasire. described by Marinesco ‘* and later fully outlined and illus 
trated by .\schner.’" Briefly, our procedure has been to cut through 
the soft palate, scrape the mucosa from the sphenoid base, remove the 
hone with dental burrs and expose the dura, which is then incised, as 
in hypophysectomy, or a puncture May be made beside the hypophysis, 
which is clearly visible. .\ simple apparatus has been devised for giving 
ether intratracheally. 

In general, Aschner’s '® technic was followed. No attempt, however, 
vas made to close the skull defect, except by allowing it to fill with 
blood and clot. The one case of meningitis occurring in these experi- 
ments resulted when a pack was left in the defect to control sinus hem- 
orrhage. The buceal procedure is simpler and requires less preparation 
and assistance. However, exposure of the hypothalamus is not so go xd, 
as the hypophysis practically covers the area sought. 

The temporal procedure was devised by Paulesco * with Balacesco. 
It has been used extensively by Cushing ° and his associates, also by 
Bell2* and recently by Bailey and Bremer. In this, the skin of the 
head and upper neck is reflected laterally and both temporal muscles 
separated from their attachments to the cranium. The left zygomatic 
arch is resected and the subtemporal fossa exposed. A trephine opening 
over the zygoma root exposes the dura and, slightly enlarged, permits 
its separation from the skull base to a point where it splits to enclose 
the gasserian ganglion. Here ‘t is incised 1 cm. horizontally, lateral to 
the sella. .\ temporal decompression is then done on the right side and 
the dura slit in a curve for about 2 cm. Returning to the left side, an 
elevator is inserted through the dural slit and carefully pushed under 
the left temporal lobe. This is slightly raised and the hypothalamus 


exposed, 


15. Marinesco, M. G.: Compt. rend. Soc de biol. 4:509, 1892 

16. Aschner, B.: Arch. f. d. ges. Physiol. 146:1, 1912. 

17. Paulesco, N. C.: L’hypophyse du cerveau, Paris, 1908. 

18. Bell, B.: The Pituitary, New York, William Wood & Co., 1919 
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In the temporal approach the technic followed was essentially that 
fully described and illustrated by Crowe, Cushing and Homans.” This 
requires surgical preparation, assistance and more time. It results in a 
better exposure. However, the important factor of pull on the hypoph- 
ysis and attached floor of the third ventricle is introduced, when the 
brain is even slightly tilted. The hypophysis is held fast in the sella 
by its posterior lobe artery. This, an azygos artery, formed by branches 
from the two internal carotids (Dandy and Goetsch *”), pierces the 
dura of the floor of the sella and enters the posterior part of the 
posterior lobe. The hypothalamus is securely attached in front by the 
optic nerves and chiasm. If the “cerebral dislocation” js at all extensive 
traction must result on the hypothalamus from one of these two fixed 
points. Hanchett,’* on an extensive experimental basis, points out that 
this may be sufficient injury to result in polyuria. No attempt has 
been made to use the modification of Sweet and Allen,*" as adopted by 
Bailey and Bremer,’* although in this the necessary dislocation is 
possibly lessened. 

Water was supplied in fish bowls securely attached to the side of 
the cage. The narrow mouth guards against spilling when the bow] is 
not too full. With older dogs the bowls must be elevated. Urine was 
collected in covered bowls. In more recent experiments attempts have 
been made to control evaporation. In the experiments reported at this 
time the control has not been so careful, and these results are a little 
high for the water intake and a little low for the urinary output. The 
combined daily difference, however, is less than 75 c.c., which is not 
so Important in a water exchange of over 2 liters. 

Specific gravity was determined by weighing daily 25 c.c. of urine 
in a weighed, calibrated flask. Weight was calculated to milligrams and 
the specific gravity at room temperature. Total solids were calcu- 
lated by the use of Haser’s *' coefficient, as used by Neubauer *? and 
also determined by Long.2** The multiple used for room temperature 
was 0.233. 

Urinary chlorids were ordinarily determined after the principle of 
Mohr.** Volhard’s *° method and those used for the blood chlorid were 
occasionally employed. For blood chlorids the methods of Van Slyke 
and Donleavy ** and Rappleye ** were followed. Sugar, albumin and 
19. Dandy, W. E., and Goetsch, E.: Am. J. Anat. 11:137, 1911. 

20. Sweet, J., and Allen, A. R.: Ann. Surg. 57:485, 1913. 

21. Haser: Quoted by Long and Neubauer. 

22. Neubauer, C.: Ztschr. f. anal. Chem. 1:166, 1862. 

23. Long, J. H.: J. Am. Chem. Soc. 25:257 and 871, 1903. 

24. Mohr, L.: Lehrbuch der Titriermethode. 2:13, 1856. 

25. Volhard, J.: Ann. d. Chem. u. Pharm. 190:1, 1878. 

26. Van Slyke, D. D., and Donleavy, J. J.: J. Biol. Chem. 37:551, 1919. 
27. Rappleye, W. C.: J. Biol. Chem. 35:509 (Sept.) 1918. 
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acetone were sought by ordinary clinical tests. The Folin-McEllroy 
reagent was used where glycosuria was suspected. 

Tissues were fixed in Zenker’s solution, to which was added, instead 
of glacial acetic acid, 10 per cent. of neutral solution of formaldehyd. 
To avoid injury in the removal of the pituitary region, the heads were 
fixed by perfusion through the carotid arteries, usually for twenty-four 
hours, until hardening had occurred. The bone of the skull base was 
then carefully dissected away and the desired block widely removed with 
the dura intact. A small block consisting of the optic chiasm, hypothala- 
mus, hypophysis and all of the mammillary bodies was then embed led 
in paraffin and cut serially at 15 microns in sagittal sections. At detinite 
intervals thinner sections were made. In Dog E 14 and Dog I 20 the 
hypophysis was severed from the hypothalamus and both sectioned 
serially. Sections were ordinarily stained in hematoxylin and eosin, but 
use was also made of van Gieson’s solution, Mallory’s aniline blue stain, 


and Mallory’s phosphotungstic acid hematoxylin. 


PROTOCOLS 
Three illustrative protocols, of the animals most extensively studied, 
are given. The first presents a typical transient polyuria resulting from 
buccal puncture of the region in front of the mamnullary bodies. This 
animal was kept under observation for the following six months. No 
notable changes occurred; there was some vain in weight but estrum 


occurred normally. 


REPORT OF PROTOCOLS 


ExpeRIMENT 1 (Doc E 14).—Was an adult, well nourished, white, Spitz female, 
weighing 7.8 kg. Four day average pre-operative urine was 220 cc. Specific 
gravity, 1.040, no sugar, acetone or albumin. January 31, buccal exposure, the 
dura was slit over the hypophysis, and puncture of the area in front of the mam- 
millary bodies with discission needle was done. There was no subsequent 
polypnea, dyspnea or motor disturbances. Marked thirst was noticed, and polyuria 
for the first twenty-four hours was 1,000 c.c., specific gravity 1.008, albumin +, 
no sugar or acetone. In thirty-eight hours the excretion of urine was 1,550 c.c., 
which subsided to normal in four days. The average urine excretion for the 
subsequent five days was 146 c.c. Specific gravity, 1.052, no sugar or acetone, 
traces of albumin, February 9. the dog was back in the enclosure, weighing 
7.2 kg.; February 13, 7.2 kg.; February 28, 7.3 kg.; March 5, 7.9 kg.; March 10, 
8.5 kg., with the temperature normal: the weight increase was the only notable 
change. March 21, 8.7 kg.; March 27, 9.4 kg. Running with other well fed 
animals, a similar weight gain by another control female was noted. April 2, 
the weight was 9.2 kg. 

April 14, the animal had been in the metabolism cage for eight days and 
did not eat well. The average daily water intake was 365 c.c., urinary output, 
157 c.c., specific gravity, 1.029, chlorid concentration, 0.38 per cent. No sugar 
or acetone, trace of albumin twice. The dog weighed 9.5 kg. April 22. Back 
in enclosure, 9.2 kg.; May 14, 9.0 kg.; May 22, 9.3 kg.; June 11, 9.0 kg.; plasma 
chiorid, 0.656 gm. per hundred cubic centimeters. 


28. Folin, O., and McEllroy, W. S.: TI. Biol. Chem. 33:513 (March) 1918. 
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June 20, the dog was in the metabolism cage tor four days. There was 
no polydipsia or polyuria, the we ight was 9.2 kg., rectal temperature, 101, normal 
chlorid diuresis, 650 ¢.c. of urine following 5 gm. ot sodium chlorid in food, 
concentration, 1.014 per cent. Animal in heat. June 24, 9.1 kg.; 101.0, plasma 
chlorid, 0.667 gm. per hundred cubic centimeters Well nourished, in heat 
Killed by ether and bleeding. 

Vecropsy—Panniculus 6 mm. thick in mid-abdominal line, moderate omental 
fat. both kidneys bluish and congested on section, glomeruli prominent. Corpor 
lutea in both ovaries, fimbriae, oviducts, uterus and vagina enlarged and cor 
vested, vulva edematous, 100 urine in bladder Hypophysis attached mort 
firmly thar normal to sella, normal appearance and size, few surrounding 
loose fibrous strands. No evident injury to hypothalamus, 6 mm. opening 
hasisphenoid filled with dense scar tissue, dura thickened 


VWicroscof Eyamination.-Kidneys moderately congested, bladder normal, 
Wwaries contained normal ova and follicles and early corpora lutea, ovid 


ind uterus edematous and congested. Increased blood pigment in spleen, other 


‘scera histologically normal. Hypophysis and hypothalamus normal (serial 
sections No lesions found in hypothalamus (serial sections ) 

The sec nd protocol presents a polydipsia and polyuria of tour and a halt 
months’ duration, an experimental diabetes insipidus, subsequent to mjury of 
the hypothalamus through the temporal route This animal, the most mstruc 


tive and consequently the most extensively studied, was apparently otherwis 
normal when sacrificed seven months after operation The protocol is rather 
fully abstracted 


Expertment 2 (Doc F 15) \ brown and white terrier pup, aged 5 months, 
weighing 6.5 kg. obtained trom dog breeder early in November and kept 1 
wnimal cages under observation for three months February 8 in metabolism 
age. the dog weighed 9.2 kg., aged 8 months, rectal temperature, 100.8, four 


225 c.c., specific gravity, 1.050, no sugar ot 


s average preoperative urine 
acetone, trace of albumin, average daily solids 26.39 gm., temperature, 101.1, 
average water intake 420 c.c., ate all food 

February 12, a temporal exposure of hypothalamus was made, and the brain 
slightly tilted to the right and a puncture made in the region of infundibulum 
with a discission needle. There was no subsequent polypnea or dyspnea. Tw 
hours after operation, the pulse was 192, temperature, 100.2, respiration, 22, 
and the animal staggered slightly to the right, on walking about room. 

February 13, the animal ate all food and ran around, there was no ataxia 
Nineteen hours postoperative water intake, 1,460 c.c., urine 940 c.c. No sugar 
acetone or albumin in pale, yellow, watery urine Specific gravity, 1.01 
During four hours subsequent to eating the dog drank 1,210 c.c. water, and 
passed 1,020 c.c. of urime; spe cific gravity, 1.002. February 14, all the water 
in the bowl was consumed, 3,000 c.c., so the intake was somewhat restricted. 
Urine, 2,500 c.c., specific gravity, 1.005, no sugar albuimin or acetone, total 
solids, 29.13 gm. from February 15 to 20, polyuria declined steadily from 870 
to 100 c.c.. with a parallel decline ot polydipsia. Specific gravity rose to 1,062 
and the urine became dark amber. All food was not eaten during this period, 
and the rectal temperature rose to 103.4. There was some edema of the left 
side of the face and discharge from the left conjunctiva. The animal gained 
07 ke. during the first week postoperative. There were no sugar or acetone, 
some traces of albumin. 

The subsequent course of the polyuria, polydipsia, specific gravity, solid 
output, weight, etc., can best be pre sented in Figs. 1 and 2. The rectal tempera- 


ture, observed at times twice daily, remained normal, sugar and acetone were 


not found except in especially induced conditions, but traces of albumin occurred 
occasionally. The wound heaied uneventfully. 
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February 260, increasing polyuria and polydipsia, the animal was very hungry 
d ate all food, drank 500 c.c. in about twenty minutes when water was put 


he cage. The dog gained 1.6 kg. (3% pounds) during the last week. Feb- 
] 


in weight accompanying the increasn 


vary 27, there was a visible imcreas¢ Pa 
ter exchange The stools were sott The animal drank 800 c¢.c. In feut 


and was very active 


rs during the morning and voided 550 c.c 


From February 25 to March 4 was a week of maximum polyuria and poly 


ia (Table 1) March 3, maximum day, nineteen days postoperative, the 
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Fig. 2—Experimental diabetes insipidus in dog, male, aged & months, 
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Paste 1.—Il eck of Vaximum Polyuria and Polydipsia Dog F 1 


Water Urine Temper Total 
Weight, Intake, Output, ature, Speci ne Solids, Alt 
Date Kg Cx Ca Rectal Gravity Gm. Sugar tone min 
” 10s ooo 4) 4.25 ) 0 0 
114) 1.006 5.16 0 0 
l O00 1000 1.008 ) 0 0 
1 
? 110 8.550 2 000 1.0 1.004 03 0 0 
11.5 uM 1.006 46.13 0 0 
11.6 7,000 OR) 1.008 0 0 


\verages 3,057 l 
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animal was active and appeared normal save for increasing weight. The first 
fifteen hour intake was 2,900 c.c., urine, 2,100 c.c., with a 700 gm. increase in 
weight. Subsequently, from 9:00 a. m. to 6:00 p. m., the dog drank 800 c.c 
water and passed 1,200 c.c. of urine. No food was eaten during this nine hour 
interval. The body was full, flanks thick, back broad; the entire appearance 
was similar to that of an old animal; there was no demonstrable edema. The 
weight was 11.5 kg 

March 6, evidence of sexual activity, testes firm and not decreasing in size. 
March 7, phenolphthalein elimination test, normal elimination (Table 2). March 
10, second phenolphthalein elimination test, normal elimination. March 12, 


Taste 2.—Phenolsulphonephthalein Elimination Tests Dog F 15 


Mareh 7, 1 11.1 kg.: 101.8; urine of previous 17 bours, 600 ¢.c.; 1.014; negative sugar and 
albumin 

10:12 an 6 me. (1 ea H. W. D. phenolsulphonephthalein into left lumbar muscles 

li:l2 an No urine voided 

2: an 65 cc. urine passed; sp. gr., 1.014; 47° phenolsulphonephthalein contained 2 hours 
12 pn oO c.c. urine passed; sp. gr., 1.005; 56°) phenolsulphonephthalein contained 4 hours 

4:12 p.n i cc. urine passed; sp. gr. 1.004; 5° phenolsulphonephthalein contained 6 hours 
urine passed: sp. gr., 1.004; trace phenolsulphonephthalein contained 7 hours 


Intake, 2.275 ¢.c.: total urine, 1 


specifie gravity, 1.006; total solids, 26.42 gm.; tem 
perature, 12; 11,400 gm. weight 


Mareh 1, 1 11.5 kg.: 101.4: vrine of previous 19 hours, 76 ¢.c.: specifie gravity, 1.012: nega 
tive sugar and albumin 
2:1 pn 6 me. (1 H. W. D. phenolsulphonephthalein into left lumbar muscles 


2555 pn 75> ee. urine passed: no phenolsulphonephthalein (passed earlier), 1.012 sp. gr. 
1:15 p.m urine passed; phenolsulphonephthalein contained 1 hour 
1D pon 7 ec. urine passed; 25°) phenolsulphonephthalein contained 2 hours 
pn 17> rine passed; 29° phenolsulphonephthalein contained 3 hours 
4:15 p.m ~~) cc. urine passed; 11° phenolsulphonephthalein contained 4 hours 
> pn » ce. urine passed; trace phenolsulphonephthalein contained 5 hours 
Intake, 1.550 e«.c.: total urine, 1500 e¢.c.; speeifie gravity, 1.0117; total solids, 40.98 gm.; tem 
perature, 101.5; 11,400 gm. weight 


beginning of chlorid determinations on urine, as it had been noted that salt 
meat (ham) definitely increased water exchange. More careful dietary control 
by weighing started. From March 14 to 19, starvation experiment, no food, 
free water. Both polydipsia and polyuria lessened (Table 3). March 23, 
750 gm. salt meat (ham) caused unusual increase in polyuria and polydipsia, 


Taste 3.—Effect of Starvation Dog F 15 


Temper Sodium Sodium 
Weight, Water Urine ature Specific Total Chlorid, Chlorid, Albu 
Date keg Intake Output Reetal Gravity Solids per Cent. Amount Sugar min 
110 WLS 1.01469 0.26 0.150 0.405 0 0 
10.9 101.6 ‘ oe ae 
17 10.58 S45 0.005 0.514 Trace 
18 1.8 101.6 O.245 0 0 
Is 10.8 11.6 ‘ 


chlorid and solid output. Concentration of urinary chlorids rose to 0.468 per 
cent. Increased carbonates in urine. March 26, diminishing hunger. 

April 1, 500 gm. of meat with 5 gm. sodium chlorid, urinary chlorid con- 
centration rose to 0.525 per cent. April 7, variable hunger. April 14, out of 
cage into enclosure with other animals for one week. Evidence of sexual 
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activity. Weight 11.5 kg. April 25, copulated with female in heat, motile 
spermatozoa demonstrated in smear under microscope. From April 29 to May 5, 
water and fluid restriction with sodium chlorid feeding experiments (Table 4). 
Urine output fell, could concentrate both solids and chlorids Pre-experi- 


Tapie 4.—Effect of Fluid Kestriction Dog F 15 


Sodium Sodium 
remper Chiorid, Chlorid, 
Weight, Food and Water Urine ature Specific Total per Amount, 
Date Ke Intake (rutput Reetal diravity Solids Cent Gnu 
0) gm. meat 
1 10.9 Water 12.47 0.170 0.595 
1 gm. meat 
? 11.0 10) c.c. water 170 101.8 1.00820 3.25 0.108 0.175 
gm. ham 
11.0 200 water 11.8 1.04149 19.54 1.146 2,202 
5 gm. sodium eblorid 
4 11.0 milk 102.44 1.02522 12.34 1.715 3.402 
4 5 gm. sodium ehlorid 
11.0 e.e. milk 101.4 1(P821 72.00 1.665 5.828 
Free Water Supply Resumed 
5 gm. sodium chlorid 
700 c.c. water 
400 gm. meat 
7 10.9 1,700 water 1,520 1.01827 417.00) 0.694 10.550 


mental intake averaged 826 C.c., and urine, 548 c.c. for five days. Immediate 
rise in water exchange followed at the end of the restriction (Table 4). 
From May 14 to 17, comparative studies with Dog H 19 and Dog I 20, animals 
of nearly the same size and weight, on a diet of raw meat, low in chlorids 
(Table 5). From May 17 to 22, comparative studies on effects of diet, 500 c.c. 


Tape 5.—Comparative Studies Dog F 15 


Low ehlorid diet: days, May 14 to 17; 300 gm jean meat 


Dog Fils Dog H19 Dog 12 
Weight, loss or gain 0.10 kg. 0.20 ke 0.10 kg 
13 240 210 


Average water intake 


Average urinary output 3 167 193 
Average rectal temperature 101.6 101.7 
Average specific gravity 315 1.0515 1.0480 
Average daily solids exes 19.66 gu 19.51 gu 11.79 gm 
Average chlorid concentration 6.280% 0.328% 0.327% 
Average daily chlorids... 0.822 gm 0.557 gn 0.338 gn 
Plasma chlorid 6.682 gm 0.658 gn 0.667 gm 
Low ehlorid diet: 5 days, May 17 to 22; “wo ec. whole milk 

Dog Dog HY Dog 1% 
Weight, loss or gain..... 0.60 ke 0.50 kg 0.0 ke 
Average fluid intake (No H 20).. OO 
Average urinary output 326 228 ¢.¢. TE 
Average rectal temperature. 1.2 w1.2 101.7 
Average specific gravity. 1.0154 10197 1.0197 
Average daily solids...... 11.2 gm 10.28 gm 12.76 gm 
Average chlorid concentration 0.277% 0.388% 0.339% 
Average daily chlorids 0.985 gm 0.862 gu 0.964 gm 

0.69 gm 0.6.50 gm 0.688 gm 


Plasma ehlorid 


whole milk, low in chlorids (Table 5). From May 22 to 28, comparative studies, 
400 gm. cooked meat, high in chlorids (Table 6). From May 28 to June 1, 
effect of pituitary extract 1 c.c. daily injected into abdominal 
polydipsia and polyuria, increase in specific gravity 


comparative studies, 
wall. Subsequent decrease in 
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Paste 6.—Comparative Studies Dog F 15 


High echlorid diet: 6 days, May 2 to 28; 400 gm. cooked meat 
Dog Fis Dog Hiv Dog 
Weight, loss or gain 0.70 ke 0.90 ke Os) ke 
\Verage Water take HOT C.e 7) C4 
\verage rectal temperature Ww1.7 
Average specific gravity 1.0461 
Average daily solids 7.33 gm 631 gm 1.8) gm 
1.205% 1, 


Average chlorid concentration 
Average daily chlorids 4.176 gm 4.110 gn 4.00%, 
Plasma chlorid 0.705 gm O.087 gm. 0.004 gn 
Ee tfeet of pituitary extraet (1 ee, daily, subeutaneously) for 4 days, May 28 to June 1; 400 gm 
cooked meat 

Dog Fis Dog H 19 Dog I 2 
Weight, loss or g 0.50 ke 0.30 kg 0.20 kg 
Average water intake ca 
Average rectal temperature hehe 
(Average specific gravity 1.4455 1.0534 
\verage daily solids on gn 224 
\verage chlorid concentration O.7O1% O.918 
Average daily ehlorids 473 144 gn L815 gm 
! 20 gn O71 gn 


Plasma ehloriad 


and chlorid concentration of urine and lowering of plasma chlorid (Table 6). 
From June 2 to 3, there was a marked fall in polyuria during two days following 
pituitary extract, with a rise in the specific gravity and chlorid concentration 

June 6, weight 11.6 kg., the dog ate 500 gm. of cooked meat, intake 1,000 c.c., 
urine 960 c.c., specific gravity 1.02366, total solids 52.92 gm., sodium chlorid 
total 3.96 gm., sodium chlorid 0.413 per cent., rectal temperature 100.2, no 
sugar or acetone, albumin +, plasma chlorid 705 mg. per hundred cubic centi 
meters. From June 7 to 12, starvation, marked fall in polydipsia and polyuria, 
increase in specific gravity, temperature normal, acetone present, lowered chlorid 
output. June 29, the weight was 10.6 kg., 400 em. raw meat with 5 em. of sodium 
chlorid was given Intake 1,100 cc. urine 870 c¢.c., specific gravity 1.01382, 
total solids 31.24 gm., total chlorids 5.68 gm., sodium chlorid 0.587 per cent., 
temperature 101.6, plasma chlorid 678 mg. per hundred cubic centimeters 
Increased diuresis over normal and lower concentration of urinary chlorids. 

July 6, the dog was out of the cage into the enclosure with other animals. 
A slight variable polyuria was still present. There was no adiposity or genital 
atrophy (Fig. 3). July 27, in metabolism cage for ten days, weight 10.8 kg 
the urine averaged about normal, normal drinking and diuresis after increased 
protein feeding and giving salt. Specific gravity from 1.020 to 1.028, temperature, 
from 101.6 to 102.6, chlorid concentration from 0.36 to 1.24 per cent. No sugar 
traces of albumin. From September 7 to 10, normal intake and output. Specific 
gravity from 1.030 to 1.052, chlorid concentration from 0.793 to 1.196 per cent 
No sugar, traces of albumin. September 12, normal appearance, active and well, 
weight, 9.6 kg. (Fig. 4). Killed by ether and bleeding, head perfused with 
formaldehyd (Zenker’s solution). 

Vecropsy.—Thin panniculus, moderate amount of omental fat, several nema- 
todes and tapeworms in intestinal tract but no ulcerations; the bladder was 
slightly enlarged but otherwise normal; ureters normal, kidneys bluish, med- 
ullary rays prominent, medulla pale, cortex not congested. Testes firm, 1.8 cm., 
by 2.5 cm., genitalia normal, well developed -preputial glands and prostate. Liver, 
spleen, pancreas, suprarenals, lungs, trachea, bronchi, esophagus, intestinal tract 
and heart normal. Thyroids small and firm. 

Temporal muscles reattached, dural openings closed, dura thickened and 
adherent to bone defect margins and overlying temporal muscles. Brain not 
adherent to dura. Irregular spindle shaped cyst in hypothalamus measuring 
2 by 3 by 9 mm., located on the left side, in the region between the optic chiasm, 
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Fig. 3.—Experimental diabetes insipidus. Dog. F 15 at end of diabetes, tv¢ 


mouths after operation. 


insipidus. Midsagittal section of hypo- 


Fig. 4. Experimental diabetes 
15. 7, defect in floor of third 


and attached hypophysis of Dog F 


thalamus 
closed by pars tuberalis. 


ventricle, 
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beginning of the optic tract, pia of the base and the fornix, ahead and to the 
left of the infundibulum, extending nearly vertically. Hypophysis small, firmly 
adherent to the sella and surrounded by strands of dense fibrous tissue. Third 
ventricle dilated inferiorly. 

Examination —Hypophysis surrounded by capsule of fibrous 
tissue, with some dense interpenetrating strands. Posterior lobe separated from 
tuber cinereum by dense scar tissue. Pars nervosa atrophic and pressed upward 
toward the hypothalamus, with condensation of the cellular elements. No 
demonstrable posterior lobe artery. Normal pars intermedia present on the 
surface of and about the atrophic posterior lobe. Pars tuberalis histologically 
normal. Some thick colloid in interlobular cleft (Fig. 4). 

Cyst in hypothalamus was crossed by many loose fibrous strands, some 
vascularized here were numerous large round vacuolated cells in meshes. 
The wall was slightly thickened, with atrophy of the surrounding nerve cells 


Fig. 5.—Experimental diabetes insipidus Sagittal section of left wall of 
hypothalamus of Dog F 15, presenting the lower part of the cyst found at 
necropsy. C, cyst cavity 


(Fig. 5). Defect in the tuber cinereum just ahead of the infundibulum, with 
pars tuberalis forming the floor of the third ventricle (Fig. 4). Many hyaline 
bodies in floor and about the enlarged third ventricle 


Testis tubules presented all phases of active spermatogenesis.” Spermatozoa 
in epididymis. Prostate, vas, penis and urethra were normal. The bladder wall 
was slightly thickened, the kidneys histologically were normal. Thymus 


remained present, with well developed Hassal’s corpuscles. The thyroid con- 
tained many small follicles with low epithelium and no colloid; the majority 
were small and colloid filled, there were a few scattered large colloid filled 
follicles with hyperplastic walls. No abnormal histology was noted in the liver, 
suprarenals, parathyroids, pancreas, spleen, heart and pericardium, lymph glands, 
gallbladder, lungs, bronchi, trachea, submaxillary glands, fundus, pylorus, 
duodenum, ileum, appendix, colon, cerebellum, pons or midbrain. Cytologic 
studies have not been made. 


29. Curtis, G. M Am. J. Anat, 24:339 (Sept.) 1918 
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The third protocol is that of an animal sacrificed during a polydipsia and 
polyuria produced by temporal exposure and hypothalamic injury, in order to 
study especially the histology of the kidney during the disturbance. No changes 
were found in the kidney save some hyperemia, but the hypothalamus con- 
tained a well marked lesion. 


ExperIMENT 3 (Dog. | 20). _Adult. female, brown and white hound, weighing 
96 kg. Well nourished, active and healthy. Preoperative comparative studies 
with Dog F 15 and Dog H 19 revealed no abnormalities of water exchange 
(See Tables 5 and 6 for detailed records.) June 20, in metabolism cage, weight 
91 kg. rectal temperature, 101.8 June 21 to 26, preoperative control period 


— 


e-—- 


Fig. 6.—Polyuria, adult female dog, daily observations. OP, operation, injury 
to hypothalamus through the temporal route; K. killed at end of experiment 


(see Fig. 6 for details). Weight 9.0 kg., rectal temperature, 100.8. No sugar, 
acetone or albumin in urine, ate all food given. Plasma chlorid was 660 mg 
per hundred cubic centimeters. 

June 26, a temporal exposure of hypothalamus and puncture in the region 
of infundibulum were made There was injury to cerebrum, with hemorrhage, 
controlled with difficulty. The animal had a tendency to fall to the left atter 
operation. She drank 300 c.c. in the subsequent six hours but passed no urine. 
Three hours after operation the pulse was 128, temperature 101.2 and 
respirations 20. 

June 27, there was edema of the left side of the face, the dog was somewhat 
comatose, and inclined to fall to the left. Intake greater than output in the 
morning; the animal did not eat any food. No sugar, albumin +. June 28, 


there was some spastic paralysis of the left side, especially of the front foot. 
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The animal ate but little. Polydipsia and polyuria, urine pale, watery yellow. 
June 29, there was moderate polyuria and polydipsia (Fig. 6). No sugar in 
urine, temperature, 100.8, purulent conjunctivitis of the right side. June 30, 
the left sided palsy was less marked, weight 7.8 kg., temperature 102.0; the 
animal ate only a small amount of food. July 1, losing weight, taking only 
a little food. July 2, the dog was no longer comatose but active and more alert 
Weight 7.5 kg., temperature, 102. The animal was killed by ether and bleeding 

Vecropsy.—Wound healed, edema of left side of head, mucopurulent dis 
charge from the right eye. Moderate panniculus, abundant abdominal fat, slight 
fatty changes in liver, intestinal tract negative. The genitalia were normal, 
corpora lutea spuria in ovaries. The bladder was distended with 200 c.c. of 
clear, watery urine, mucosa slightly hyperemic, with several small petechial 
spots, ureters normal. The kidneys were normal, zones and stripes clearly 
letined, glomeruli prominent, medulla pal rhe right kidney weighed 22.5 gm., 
the left kidney, 22.7 gm. The thyroids were small and the other viscera negative 


Fig. 7.—Polyuria, adult female dog. Sagittal section through the left wall 
of hypothalamus of Dog I 20 presenting the lesion, 1, above and just behind 
the optic chiasm 


The temporal muscles were reattached in sear tissue, not all the sutures were 


absorbed There was a brown gelatinous exudate between the skin and 
temporal muscle of the left side. The dural openings were closed, the dura 
was adherent to margins of bone defect, thickened and opaque. The dura of 


skull base was stained dark brown, there was hemorrhage with firm clots 
about the sella. A slight injury to right frontal lobe with hyperemia was 
noted. The hypophysis was surrounded by loose fibrous tissue with some clots. 
There was a firm clot between hypophysis and hypothalamus. The hypophysis 
was served from the hypothalamus and both fixed in formaldehyd (Zenker's 
solution). 

Microscopic Examination —The hypophysis was surrounded by young fibrous 
tissue with some blood clot, organizing a clot between the hypophysis and tuber 
cinereum posteriorly. The posterior lobe and artery were normal. There were 
numerous enlarged follicles, one cystic, in pars intermedia. Pars anterior was 
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slightly com pressed Pars tuberalis was histologically normal. The area of 
3 
in the hypothalamus, 2 by 3 by 3 mm., was lying 


degeneration and sottenimg 
etween the chiasm, in the first part ol the optic tract, pia ol the base and torn1x 
This was invaded by numerous youns capillaries, and the central part was fille d 


with fat loaded phagocytes (Fig. 7). 

The ovaries, oviducts, uterus and vagina were normal, There was blood 
pigment in the uterine mucosa The kidneys and bladder were moderately con- 
vested, there was imicre ased fat in the suprarenal cortex ; irregular ciliated cysts mm 
the scattered thymus remained; a slight tatty infiltration about the central 
vens of the liver lobules Was noted The spleen contained increased blood 


pigment. The lungs, thyroids, gallbladder, heart, parathyrotds and pancreas 


were histologically normal 


EXPERIMENTAL RESULTS AND COMMENT 

fhirty-five dogs were operated on in these experiments, twelve by 
the buccal and twenty-three by the temporal route. The majority of 
experiments were for the purpose of obtaining familiarity with the 
technical procedures and_ their possibilities. “These animals were not 
studied but were subjected to head necropsy seen after operation. The 
resultant injury to the hypothalamus was especially noted after both 
total and partial hypophysectomy, “cerebral dislocation,” as It occurs 
in the temporal exposure, and lesions by puncture. Sections of the 
hypothalamus were also made and examined. 

The experience gained in this manner has revealed clearly the dif- 
ficulty of performing any operation on the hypophysis of the dog with- 
out some stimulation or even injury of the overlying hypothalamus to 
which it is attached. An attempt at total hypophysectomy must ordinarily 
stimulate the tuber cinereum, as to it is attached the posterior lobe by 
its infundibular stalk. Stalk separation, as im posterior lobectomy, 
causes traction on the floor of the third ventricle, and Hanchett has 
shown that this consistently results in polyuria. The “cerebral dis- 
location.” if at all extensive, puts undoubted traction on the tuber 
cinereum through the attachment of the hypophysis to the sella. In this 
manner it may injure the floor of the third ventricle, or even result im 
trauma to the hypothalamus behind the attachment of the optic chiasm. 

Polyuria was produced six times in eight attempts, twice by the 
temporal exposure and injury to the hypothalamus, and four times after 
the buccal route. In two animals no polyuria resulted after buccal 
puncture. The polyuria lasted for nearly five months im one animal 
(Experiment 2, Dog IF 15), six days in another sacrificed during the 
polyuria, four days in three and three days in one. It began during 
the first twenty-four hours in four cases, and during the second day 
in two. In Experiment 2, the urinary output reached 3,300 cc. It 
was between 1 and 2 liters in four dogs, and slightly less than 1 liter 
in one. Five of the animals were adults: the animal on which the 


best experimental result was obtained was aged 8 m« mths. 
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LOCATION OF THE LESIONS 


in five of the six animals lesions within the hypothalamus were 
demonstrated grossly or microscopically. The two most definite lesions 
are shown in Figures 4, 5 and 7. In one animal, Experiment 1, kept 
for six months after a transient polyuria following a buccal puncture 
with a tine needle, no lesion was found. All five were within the 
optopeduneular area of Camus and Roussy.’ Three were ahead of the 
hypophyseal stalk, in that region between the optic chiasm, first part 
of the optic tract and fornix. Two of these extended well up into the 
anterolateral wall of the third ventricle. The third was less extensive 
and resembled that figured by Bailey and Bremer,'* Plate 2, Dog 14, 
in location. Two lesions, both grossly demonstrable, were behind the 
infundibulum and involved the anterior part of the mammillary bodies. 

In one of the two animals in which polyuria did not follow buccal 
puncture, C 9, the puncture had passed behind the mammiullary bodies 
and was demonstrated in the anterior part of the posterior perforated 
space. In some animals the mammillary bodies are completely over- 
lapped by the hypophysis. Ordinarily, they are just visible behind its 
posterior margin. In the other animal no lesion was subsequently 
found. 

The lesion in Experiment 2, the animal with experimental diabetes 
insipidus, was an irregular, well developed, spindle-shaped cyst, lying 
in the left anterolateral wall of the third ventricle and extending verti- 
cally. This may well have resulted from the puncture, with subsequent 
extensive softening resulting from vascular injury. The absence of a 
pigmented wall and contained fluid make the probability of a causative 
local hemorrhage unlikely. However, there was also a tear in the floor 
of the third ventricle, and the posterior lobe was separated from its 
attachment and atrophic. In one area, Figure 4+ 7, the pars tuberalis 
even formed a part of the irregular floor of the dilated third ventricle. 
Such findings indicated the result of traction on the hypothalamus. It 
is even possible that the lesion resulting in the cyst occurred in a similar 
manner. 

Serial sections reveal that the region occupied by the cyst is normally 
supplied by a large artery from the arterial circle, which penetrates the 
hypothalamus vertically just behind the first part of the optic tract. 
Injury to this artery with subsequent thrombosis, tearing or even 
pressure from surrounding clots might well result in infarction with 
softening and subsequent cyst formation. 

In Experiment 3, the lesion is in the same region and resembles an 
early cerebral infarct. The central portion was packed with large 
fat-laden phagocytes and there was no hemorrhage. In this animal 
there were firm clots about the base of the hypothalamus. The shape 
and extent of the lesion indicates infarction rather than such extensive 
direct trauma. 
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CONTROLS 


The buccal operation alone, with opening of the dura of the sellar 
floor, results in no polyuria. Where the hypophysis herniates with the 
rush of cerebrospinal fluid the element ef traction on the attached tuber 
cinereum enters and may result in marked polyuria, as in Hanchett’s *° 
Dog 15. In three animals, however, B 8, IL 25 and L 27, no polyuria 
resulted even after the dura was opened and the hypophysis exposed. 

A single temporal operation, with no attempt at cerebral dislocation, 
resulted in no marked increase of the water exchange. No attempt to 
perform the temporal operation, with definite cerebral dislocation and 
no other injury, has been made. Should traction result on the 
hypophyseal attachment, or on the hypothalamus at its chiasm attach- 
ment, or associated vascular injury, polyuria might well result from no 
other operative injury. 

POLYDIPSIA 

In experiments of this nature it appears that the polyuria has 
receive’ the greater attention.“" associated thirst and polydipsia, 
however, are most striking. \nimals observed subsequent to operation 
not only drank enough water to make up for any operative or anesthetic 
loss, but actually took enough to increase materially their preoperative 
weight. Anesthetic alone, or both operations alone with anesthetic, 
resulted in no such subsequent water intake. Nineteen hours after 
operation the water intake of Dog F 15 was over 500 c.c. ahead of the 
urinary output. 

In the curves of Dog F 15 and Dog 20 the water intake leads, as a 
rule, the urinary output ( Figs. 1 and 9). Two animals, weighing 10 kg. 
and & kg., respectively, have been observed to drink as much as 500 c.c. 
in a relatively short time, more than the average twenty-four hour 
intake. After operation the observed animals start drinking freely 
before the polyuria begins. 

Recent experiments, not included in this report, give further evi- 
dence that thirst is the primary factor. In two cases of polyuria, 
induced by hypothalamic puncture five and six weeks after previous 
hypophysectomy, continuous twenty-four hour studies were made subse- 


quent to the operations. The thirst and polydipsia clearly led the 
ensuing increased urinary output. An account of this animal, M 32, 


which is still alive, will be reported later. 


RENAL FUNCTION 
The freshly passed urine was ordinarily a pale, turbid, watery 
yellow and faintly acid. The specific gravity fell as low as 1.002, the 


30. Baer, J.: Handb. d. Inn. Med. 3:1846, 1918. 
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concentration of urinary chlorids to 0.035 per cent. During the marked 
diuresis resulting from a diet high im salt or giving increased sodium 
chlorid, it became alkaline and contained increased amounts of ammonia 
and carbonates as well as chlorids. Traces of albumin were found 
occasionally. However this is a common finding in dogs, especially 
when they are kept on high protein diets. No glycosuria was found 
in these experiments, subsequent to operation or during the course of 
the polyuria. The animals had no tood and free water during the 
twenty-four hours preceding the operation. .\cetonuria occurred only 
during the periods of starvation. 

Two separate injections of phenolphthalem, given during a_ period 
of high water exchange (Fig. 1), were normally excreted (Table 2). 
Chis has also been noted in clinical cases,"' and in experimental diabetes 
insipidus in dogs by Bailey and Bremer \ccording to Marshall and 
Vickers,”* in dogs the phenolphthalem is excreted by the convoluted 
tubules. 

No anatomic lesions were found in the kidneys during, soon after 
or months after the polyuria. Kidneys examined during the polyuria 
were moderately congested, but otherwise histologically normal. No 
casts or degenerative changes were found in the tubules. The glomeruli 
were not notably increased in size. [Examination of over fifty sections 
taken from various parts of both kidneys of Dog F 15 revealed no 
abnormal histology save a few calcified patches in the renal papillae 
These kidneys were examined two months after a polyuria of nearly 
five months’ duration 

During the period of maximum water transport the water intake 
consistently led the urinary output (Table 1). This was also true in 
the other polyurias carefully observed. The same condition persists as 
a rule throughout the polyuria (Figs. l and 9). The difference between 
intake and output was greater than in the preoperative control period, 
or than in normal control animals. The difference becomes even greater 
if one considers the water content of the food intake and that of the 
endogenous metabolism. A part of the increased difference can be 
accounted for by the weight gain, a part by the loss in the stools, which 
were occasionally but not constantly soft. It appears, however, that 
there must be increased water loss elsewhere to account for the dis- 
crepancy. .\s the dog has tew sweat glands,*’ this probably occurs 
from mouth evaporation and an increased loss through the lungs as 
31. Fitz, Reginald: A Case of Diabetes Mellitus, Arch. Int. Med. 14:706 
(Nov.) 1914. 

32. Marshall, E. K., Jr., and Vickers, J. L Bull. Johns Hopkins Hosp 
34:1 (Jan.) 1923 


33. Ellenberger, W., and Gunther, G Vergleichende Histologieder Haus 


saugetiere, Berlin, 1908, p. 189 
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expired water. An excess water intake might well leave the body 
through other avenues than the kidney. 

When water was moderately restricted in the animal with experi- 
mental diabetes insipidus, the urinary output fell accordingly. As 
restriction became more severe it fell to 170 c.c., the lowest figure 
since the low period between the initial and subsequent polyuria of nine 
weeks previously (Fig. 1). Greater water restriction, accompanied by 
a diet of salt meat, resulted in a specific gravity of 1.0415 and a urinary 
chlorid concentration of 1.15 per cent., both the highest since the same 
period nine weeks previously. There was, however, some solid reten- 
tion at this time, and consequently complete water deprivation was not 
attempted. On giving 5 gm. of salt in 500 c.c. of milk the concentration 
of the urinary chlorid rose to 1.715 per cent., a figure higher than that 
occurring normally. On resumption of free water supply the water 
exchange promptly increased, and the intake continued greater than the 
urinary output (Table 4). 

The kidney does not appear to be primarily at fault, as was first 
held by Meyer ** in clinical cases of diabetes insipidus. Under enforced 
conditions, in experimental diabetes insipidus, this organ is able to con- 
centrate both solids and chlorids. 


THE HYPOPHYSIS 


In three of the transient polyurias produced by buccal puncture of 
the hypothalamus, the hypophysis was histologically normal, as in Dog 
E 14. Ina fourth it was grossly normal but sections were not made. 
In Dog I 20 the gland was somewhat compressed and surrounding it 
were clots and some young fibrous tissue. The various parts revealed 
no marked histologic change save some enlargement of the follicles of 
the pars intermedia, one of which was cystic. In Dog F 15, also a 
temporal operation, there was separation of the posterior lobe with 
atrophy of the pars nervosa. The surrounding pars intermedia was 
histologically normal and there were many “hyaline bodies” in the base 
about the third ventricle. No unusual deviations were found in the 
other divisions. 

Pituitary extract given subcutaneously in 1 c.c. doses lowered the 
water exchange in three animals with polyuria. The result of one 
injection during the twenty-four hour period was not always definite 
however, and in one animal it was necessary to give the extract as 
often as three times daily to obtain a notable decrease. Accompanying 
the fall in urinary output, there was a rise in the specific gravity and 
concentration of the urinary chlorids. 


34. Meyer, E.: Deutsch. Arch. f. klin. Med. 83:1, 1905. 
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In order to see more clearly the effect of pituitary extract on experi- 
mental diabetes insipidus, a comparative study was made on Dog F 15 
and two normal control animals of similar size and weight, Dogs H 19 
and I 20. This occurred three and one-half months after production 
of the condition, when the polydipsia and polyuria were not so high 
as in the earlier experiment. Each animal was given daily 400 gm. of 
cooked meat, free water and 1 c.c. of pituitary extract subcutaneously 
just previous to feeding. The results are best presented in Table 6. 

The specific gravity, consistently lower than that of the control 
animals, rose to a more nearly equal level (Tables 5 and 6). The con- 
centration of urinary chlorids, previously lower than that of both con- 
trols rose to equal their average. The plasma chlorid, consistently higher 
on several previous determinations fell to the lowest value observed in 
Dog F 15 up to that time. 

Camus and Roussy found that injection of pituitary extract had no 
specific effect on the permanent polyuria produced in their dogs. Bailey 
and Bremer, however, show (Fig. 5) that the output falls and the delta 
rises when repeated small doses are employed. No mention is made of 
the change in the accompanying polydipsia. 

The effect of pituitary extract in decreasing the polyuria of diabetes 
insipidus is commonly regarded as a result of its action on the kidney, or 
on the renal blood flow. In a case seen recently with Hall, which has 
been previously reported,®* the thirst was a striking feature. On one 
occasion the patient was observed to drink over 1,200 c.c. of water in a 
few minutes, and a polyuria shortly ensued. The patient stated that 
amelioration of the thirst occurred relatively soon after the subcutaneous 
injection of pituitary extract. Studies on Dog F 15, a case of experi- 
mental diabetes insipidus, indicate that thirst and polydipsia are pri- 
mary factors in the disturbance. Consequently it seems reasonable to 
ask if the effect of pituitary extract may not in some way be connected 
with the thirst mechanism. A suggestion in this connection is offered 
by the finding that the blood chlorid was lowered after injection of the 
extract subcutaneously. 

OTHER ORGANS 


In Dog I 20 the mucosa of the urinary bladder was hyperemic and 
presented several petechial spots. The ureters were normal. This 
animal, even previous to operation, would not urinate in the metabolism 
cage until the bladder was considerably distended. During the polyuria 
there probably resulted even more marked distention, and 200 c.c. of 
urine was found in the bladder at necropsy. In an animal of approxi- 
mately the same weight, observations of the polyuria were made during 
a continuous twenty-four hour period. The successive single urinations 


35. Hall, G, W.: Am. J. M. Se. 165:551 (April) 1923. 
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were consistently close to 135 c.c. Possibly there was some thickening 
of the bladder wall of Dog F 15, but no other changes in the urinary 
tract. 

No changes were observed in the gonads or genitalia, subsequent to 
operation followed by polyuria. Four animals were females and two 
males. Only three animals, however, were kept for any extensive period 
after operation. In Dog E 14 necropsy revealed the anatomic changes 
of estrum. In the one animal which developed meningitis following 
operation, but which had no polyuria, definite degenerative changes 
were found in the spermatogenic epithelium. 

The thyroids of Dog F 15 were smaller and firmer than normal. His- 
tologically, they represent a phase in the return to the colloid or resting 
state after a previous hyperplasia (Marine **). Bensley ** has pointed 
out that this is of no great significance as the amount of iodin intake was 
not known, or the amount of meat eaten during the last six weeks of 
the animal’s life. 

No other changes were found in the viscera of five animals examined 
both grossly and miscroscopically which could be interpreted as result- 
ing from the disturbance. The endocrine organs were especially 
examined. 

CHLORIDS 

In the daily fluctuations of the early polyuria of Dog F 15, it was 
noted that the water exchange became noticeably greater on those days 
that the animal was fed salt meat. Bailey and Bremer ** have already 
noted this polyuric action of sodium chlorid in one of their dogs shown 
to have an experimental diabetes insipidus (Table 2, Dog 10). The 
unusually high diuresis occurring after giving salt in clinical cases of 
diabetes insipidus is well known. Consequently, studies were made on 
the urinary chlorids, the effect of giving salt and diets low and high in 
chlorids and on the blood chlorid. 

In Dog F 15 the concentration of urinary chlorids, like the specific 
gravity, remained ordinarily lower than normal (Fig. 1, Tables 5 and 
6). It rose on giving salt or high chlorid diets, but with free water 
supply available, the figures remained still somewhat below normal 
(Table 6). It fell definitely on starvation, the same as in normal control 
animals, as in this manner the body protects itself from chlorid loss. 
Water restriction alone, or combined with giving sodium chlorid, raised 
the concentration to normal (Table 4). Under enforced conditions the 
kidney is apparently able to concentrate chlorids. In this, these findings 
confirm those of Bailey and Bremer ** in their Dog 10. There is also a 


36. Marine, David: The Importance of Our Knowledge of Thyroid Physiol- 
ogy in the Control of Thyroid Disease, Arch. Int. Med. 32:811 (Dec.) 1923. 
37. Bensley, R. R.: Am. J. Anat. 19:57 (Jan.) 1916. 
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marked drop in the concentration at the acute onset of the polyuria in 
Dog I 20 (Fig. 9). 

The blood chlorid of Dog F 15, determined repeatedly during the 
last six weeks of the diabetes, was found consistently higher than that 
of normal animals. This was also true in comparison to normal control 
animals on similar regimens (Tables 5 and 6). It fell from an average 
of 701 mg. per hundred cubic centimeters in five previous determina- 
tions to 675 mg. per hundred cubic centimeters after repeated daily 
injections of pituitary extract (Table 6). This was the lowest figure 
observed. It was also lower at the end of the polyuria and polydipsia, 
678 mg., and was 675 mg. at the end of the experiment. 

This finding of an hyperchloremia, during the latter part of an 
experimental diabetes insipidus, is in accord with certain clinical find- 
ings already reported by Veil,** who describes an hyperchloremic form. 
The same has been noted clinically by Meyer and Meyer-Bisch.** The 
hyperchloremia of Dog F 15 may have been a manifestation of blood 
concentration. Accompanying studies on the blood urea, sugar, specific 
gravity and hemoglobin were not made to determine this possibility. 
The relation of the finding to the phenomenon of thirst may possibly 
throw some light on the nature of experimental diabetes insipidus as 
here produced. 

Occasionally, during the course of the experimental diabetes insip- 
idus, a sudden marked accentuation of the polyuria occurred without 
apparent cause. At such times unusually large amounts of chlorids 
were passed at a moderately high concentration. The turbid urine 
became alkaline and contained also an increased amount of carbonates. 
The same phenomenon occurred after giving a diet high in chlorids 
(March 23, Figs. 1 and 2), and on giving increased amounts of salt 
(Table 4). That the sudden diuresis was possibly due to polydipsia 
beyond a certain point in a salt charged blood stream is indicated by the 


work of Haldane and Baird.*” 


DIET 
Changes in the diet supplied had an effect on the polyuria and poly- 
dipsia, more marked, however, if there was a corresponding increase 
in the contained chlorids. Diets high in protein and chlorids resulted 
in the most marked polyuria (salt cooked meat, Table 6). Those lower 
in protein, and especially in salt, lowered the output in both normal and 
polyuric animals (raw meat, Table 5). Diets high in protein but low 


38. Veil, W. H.: Biochem. Ztschr. 91:317, 1918. 

39. Meyer, E., and Meyer-Bisch, R.: Deutsch. Arch. f. klin. Med. 187:225, 
1922; Ztschr. f. klin. Med. 96:469 (Feb.) 1923. 

40. Haldane, J. B. S., and Baird, M. M.: J. Physiol. 56:259 (May) 1922. 
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in salt (raw meat) resulted in a somewhat greater accentuation than 
those high in carbohydrate but low in salt (bread and milk). 

Starvation definitely decreased both the polydipsia and polyuria 
(Fig. 1, Table 3). The specific gravity remained low, but the total 
solid output fell. The amount and concentration of the urinary chlorids 
fell. There was, however, after an early decrease, an increasing water 
exchange at the end of the experiment. Ina second five day starvation 
period on Dog F 15 and two normal control animals, an even more 
marked decrease of the water exchange occurred. Bailey and Bremer,'® 
on the contrary, found that deprivation of food had no appreciable 
influence. No details of the time or duration of their experiments are 
given. 

The polyuria and polydipsia occurring in Dog I 20 (Fig. 9) is low. 
Two reasons may account for this: that the diet was largely bread 
moistened with milk and that the animal ate but little of the food 
supplied. 

ASSOCIATED CONDITIONS 


The temperature ordinarily fell during the operation and was low 
immediately after, returning to normal relatively soon after recovery 
from the anesthetic. During recovery it usually rose moderately, espe- 
cially after the temporal procedures. No hypothermia, save that 
occurring during operation if the dog was not kept warm, was observed 
after puncture. Also no hyperthermia has been noted subsequent to 
hypothalamic injury. During the height of water exchange no varia- 
tions were noted outside of the normal range. 

In the case of experimental diabetes insipidus, following the initial 
polyuria, a sudden fall in the water exchange occurred (Fig. 1). Dur- 
ing this time the food was not all eaten and the temperature rose to 
103.6, subsequent to the operative procedure. There was no demon- 
strable infection. In clinical cases fever consistently lowers the poly- 
uria (Baer**). No other temperature variations outside the normal 
range were noted throughout the experiment. 


ADIPOSOGENITAL DYSTROPHY 

The frequent association of polyuria and polydipsia with that syn- 
drome in which adiposity accompanies genital atrophy is recognized 
both clinically and experimentally. Lewis and Matthews *' state that 
polyuria is associated with 7 per cent. of the cases of Frdéhlich’s syn- 
drome. In the animal in which Cushing’ and his associates first 
demonstrated experimental adiposogenital dystrophy, there was a poly- 
uria of from 675 c.c. to 2,400 c.c., lasting for six months (Observation 


41. Lewis, D., and Matthews, S. A.: Tr. Chicago Path. Soc. 9:16, 1913. 
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34). In a second animal there was a lesser polyuria of three and a 
half months duration (Observation 55). 

Camus and Roussy “* have also found that their animals with per- 
manent polyuria may develop adiposogenital dystrophy. Two of the 
three permanent polyurias produced by Bailey and Bremer also 
developed this syndrome (Dogs 10 and 22). 

No adiposity accompanied by genital atrophy was observed in any 
of the experiments reported at this time. Only three of the animals, 
however, were kept under observation for any length of time following 
the operation. There was some weight gain in Dog E 14 during the 
subsequent six months but the animal was well fed and cared for. 
Estrum occurred normally and the ovaries were histologically normal. 

Dog F 15, an 8 month growing animal, gained rapidly and visibly 
in weight during the early increasing water exchange until he resembled 
an old dog. There was no demonstrable edema. The definite weight 
gain paralleled an increasing water intake. The appearance, and more 
slowly the weight, returned to the preoperative condition as the polyuria 
and polydipsia subsided. During the last two months there was no 
adiposity. 

During the diabetes in Dog F 15, there was sexual capacity demon- 
strated. At one time motile spermatozoa were observed in a micro- 
scopic preparation made after copulation. The female kept under 
observation in a metabolism cage during estrum, the time of copulation 
and the first part of pregnancy, delivered seven normal, healthy pups, 
five male and two female, about two months later. It is of interest to 
record that none of them had a polyuria, when studied in metabolism 
cages over periods of at least one week. Sections of the testis, made at 
the end of the experiment, were histologically normal and active sper- 
matogenesis was demonstrable. 

This animal appears to be a case of experimental diabetes insipidus, 
uncomplicated by adiposity or genital atrophy. The main lesion in the 
hypothalamus is clearly in the anterior part of the optopeduncular area. 
The tuber lesion is also ahead of the pituitary stalk. The sudden 
increase in water intake beginning ten days after the operation, with a 
notable increase in weight and accompanying obese appearance of the 
animal during the subsequent two weeks, suggest an acuté relationship 
between water balance and the obesity. There was no other evidence of 
an experimental Frohlich’s syndrome. 

Ordinarily, the weight fluctuates somewhat, depending on the daily 
balance between intake and output. No weight loss subsequent to 
dehydration by excessive output was noted. 


42. Camus, J., and Roussy, G.: Rev. neurol. 27:1113, 1920. 
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SUMMARY 


Production.—By injury of the hypothalamus in the region of the 
pituitary stalk it was possible to produce, among several transient poly- 
urias, one of long duration. An extensive daily study of this case has 
shown that it corresponds to certain cases of diabetes insipidus occur- 
ring clinically, more especially to those regarded as primary or functional 
polydipsias. In the one case, Dog F 15, which may fairly be called an 
experimental diabetes insipidus, the water exchange was apparently 
lowered by fever, and definitely so by starvation. Phenolphthalein 
elimination was normal. High protein diets, those containing consider- 
able protein and salt, and salt added to all diets clearly increased the 
water exchange. The chlorids were especially polyuric. 

Under enforced conditions, water and fluid restriction with salt 
feeding, the kidney was able to concentrate both solids and chlorids. 
The blood chlorid was found consistently higher than normal in this dog, 
and higher than that of normal dogs on similar regimens. Pituitary 
extract given subcutaneously decreased the water exchange, increased 
both the solid and chlorid concentration of the urine and lowered the 
higher blood chlorid. 

There was an early noticeable increase in weight during the early 
increasing water exchange, with an obese appearance. This disappeared 
as the water intake and output returned to normal. There was no 
evidence of genital atrophy. Necropsy of this animal revealed a small 
cyst in the hypothalamus, near the infundibulum. There was also a 
tear in the floor of the third ventricle in front of the pituitary stalk, 
and the pars nervosa was separated and atrophic. The kidneys and 
testes were histologically normal. 

In this animal an uncomplicated case of experimental diabetes 
insipidus had apparently been produced, with an accompanying well 
marked lesion of the hypothalamus. 

Pathogenesis —The role played by the hypophysis in five transient 
polyurias and one of long duration is by no means clear. In the animal 
with experimental diabetes insipidus there was separation and atrophy 
of the pars nervosa, but the remaining parts were histologically normal. 
No changes were found in four hypophyses, a fifth was compressed and 
there were enlarged follicles in the pars intermedia. 

The recent isolation by Abel ** of the extremely potent pituitary 
tartrate, and the subsequent study of its effects ** on animals and man 
make it even more difficult to rule out completely the hypophysis from 


43. Abel, J. J.; Rouiller, C. A., and Geiling, E.: J. Pharmacol. & Exper. 
Therap. 22:289 (Nov.) 1923. 
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the observed disturbances of the water balance. Pituitary extract sub- 
cutaneously nearly restored the normal condition in Dog F 15. 

The hypothalamus, however, is clearly involved in five of the six 
polyurias. The lesions of Dogs F 15 and I 20 are striking and 
undoubtedly led to irritation of surrounding regions. In Dog F 15 the 
irritation must have been of long duration. Because of the extent and 
location of the lesion it seems probable that Dog I 20 would have 
developed a permanent polyuria had the dog not been sacrificed. 

These experiments lead to the conclusion that the pathogenesis of the 
condition is in the hypothalamus, although the part played by the 
hypophysis in the disturbance is not clear. Recent experiments, on 
animals still living, have added more evidence to this view. Confirming 
the observations of Camus and Roussy* and Houssay,** it has been 
possible to produce polyuria twice in an animal after hypophysectomy 
(Dog M 32). The results thus far are in accord with those of Camus 
and Roussy, Houssay, Hanchett, and Bailey and Bremer, in that the dis- 
turbance is regarded as essentially a phenomenon of the hypothalamus. 

Nature—The nature of the disturbance is not clear. Further meta- 
bolic studies of the cases of permanent polyuria, which may be readily 
produced, should add continuously to the solution of this problem. 
From the work thus far, two factors stand out as deserving of further 
consideration, the pronounced thirst and the relations of the chlorids. 

The evidence leading to the view that thirst and polydipsia be 
regarded as primary has been presented. There is ample evidence to 
warrant such a position. It seems, from this study at least, as reason- 
able to regard experimental diabetes insipidus as an hypothalamic thirst 
phenomenon as to regard it as being a primary pituitary polyuria. 

The polyuric action of the chlorids, the increased blood chlorid 
becoming lower as the polydipsia and polyuria lessened after pituitary 
extract, and the changes in concentration of the urinary chlorids after 
pituitary extract suggest that the chlorids play more than a passive part 
in the disturbance. It may be that this is in relation to the thirst 


mechanism. 


45 Houssay, B. A.; Carulla, J. E., and Romana, S.: Rev. Soc. méd. arg., 
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THE ASSOCIATION OF ACHYLIA AND ANEMIA OF DIF- 
FERENT TYPES IN THREE MEMBERS OF THE SAME 
FAMILY, AND THE BEHAVIOR OF THE COLOR 
INDEX IN PERNICIOUS ANEMIA* 


KNUD FABER, M.D., ann H. C. GRAM, M_D. 


COPENHAGEN, DENMARK 


As shown in a previous paper simple anemia is a frequent finding in 
cases of gastric achylia. If one were to assume that achylia is of patho- 
genic importance in the production of this anemia or of pernicious 
anemia, the question would arise why achylia should cause simple anemia 
in some cases and pernicious anemia in others. 

Recently, evidence has been presented which suggests that pernicious 
anemia develops on the basis of some hereditary predisposition, 

In particular Schauman*' and Martius have supported this view. 
A review of the known facts concerning the inheritance of pernicious 
anemia has recently been published by Meulengracht*. In this connec- 
tion it is interesting to note that we have observed both types of anemia 
associated with achylia in the same family. 


DIFFERENT TYPES OF ANEMIA WITH ACHYLIA IN ONE FAMILY 


The following observations concern three patients with achylia of 
whom two, father and son, died of pernicious anemia, while a third, the 
daughter showed a pronounced relapsing microcytic anemia. 

The histories and blood findings in these patients are detailed at the 
end of the paper. 

It would seem reasonable to assume a connection between the achylia 
and the anemia in these cases. In Case 1 (pernicious anemia) achylia 
was demonstrated before the onset of anemia, and the history of gastro- 
intestinal trouble in Case 2 (pernicious anemia) makes it probable that 
in this patient also it antedated the anemia, although, as no test meal had 
been taken prior to admission, this was not positively demonstrated. 

In Case 3 (chloroanemia) a miscarriage had evidently aggravated the 
anemia, but the anemia had been present before the miscarriage and the 
patient suffered two relapses after successful iron treatment, which 
would not have been the case if she had had a simple anemia due to 
hemorrhage. Curiously enough, this third case showed the typical 
glossitis which Hunter described as characteristic of pernicious anemia. 


*From the medical clinic of the University of Copenhagen. 
1. Schauman, O.: Deutsche med. Wchnschr. 26, 1910. 
2. Meulengracht, E.: Folia haematol. 28:217, 1923. 
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The circumstance that both pernicious and simple anemia are found 
associated with achylia even within the same family raises the question 
whether transitional forms of anemia may occur. 

It must be admitted that the difference between the two types is clear- 
cut, and that one does not see simple anemia with achylia develop into 
the pernicious type. The simple anemia with achylia described in our 
former paper is chronic and liable to relapse, but does not threaten the 
life of the patient and has a clinical picture of its own. The main differ- 
ence between pernicious and simple anemia is that the first shows the 
picture of a hemolytic anemia, the second does not. If we assume that 
the achylia (or its intestinal consequences ) is a causative factor, at least 
it appears that the response in the blood is different in the two types of 
anemia. 

The difference between the two types of anemia is the behavior 
of the color index. This is generally considered quite significant in the 
differential diagnosis. We have, however, observed at least one case 
which is evidence against the invariable validity of the index in the 
differentiation. 

PERNICIOUS ANEMIA WITH AN ATYPICAL REMISSION 

The increase of index beyond 1, i. e., an average megalocytosis, is 
well recognized to be one of the most characteristic changes of pernicious 
anemia. In opposition to the opinion of the German school we believe 
that the absence of megaloblasts does not weigh greatly against the diag- 
nosis of pernicious anemia, since they may be difficult or impossible to 
find during long periods of the disease. 

As to the behavior of the index during remissions opinions vary. 

Thus Naegeli* writes: 

“ . . even in this stage (i. e., remission) the index remains high. I 
have only seen normocytosis with low color index, where there was not 
a remission, but incipient recovery in cases with known etiology.” 

Zadek * has described four cases of typical pernicious anemia when 
the remission was less than 1. 

Also a case of this sort has recently been published by Willebrandt.°® 
His case, however, was peculiar as there was no achylia and after ten 
years the patient was still living with a normal index, which would seem 
to bear out Naegeli’s statement. 

Our case, the history and findings of which are detailed at the end of 
this paper, was a typical idiopathic pernicious anemia, which during a 
remission and part of a relapse changed type, so that it resembled in 
nearly ali respects a simple anemia. The further course was classic ; the 
patient was readmitted with a typical high index and all other signs of 


3. Blutkrankheiten und Blutdiagnostik, Berlin-Leipzig, 1920. 
4. Zadek, T.: Munchen. med. Wchnschr. 68:1346 (Oct.) 1921. 
5. Willebrandt, E. A.: Acta. med. Scand. 56:419, 1922. 
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pernicious anemia and died in the hospital. At the beginning and end the 
picture was the classical one of pernicious anemia, while an observer 
seeing the patient for the first time between February and May, 1920, 
would probably have made a diagnosis of simple anemia with the cor- 
respondingly favorable prognosis. The few rather large cells would 
probably not have been noted if the previous history had not led to a 
careful search for them. A measurement of the diameter of a large 
number of red cells might have helped, while a determination of the 
average diameter would have availed as little as the determination of the 
average volume, which is the essence of the index determination. This 
case serves as 2 warning against relying absolutely on the color index, 
even if this in the great majority of the cases is the best diagnostic sign 
of pernicious anemia. This led us to make a short statistical summary 
of the behavior of the index in various stages of pernicious anemia. 


BEHAVIOR OF THE COLOR INDEX IN VARIOUS STAGES OF 
PERNICIOUS ANEMIA 

Our material consists of fifty-four cases, of which one has been 
admitted four times and eight twice (sixty-five admissions in all). In 
presenting these we select the following examinations : 

1. Color Index at Time of Admission.—Patients generally very ill 
and declining. 

2. Color Index at Height of Remission—The examination showing 
the highest hemoglobin percentage observed, either just before the dis- 
charge or before relapse set in (only in cases showing distinct 
improvement ). 

3. Color Index Just Before Discharge in Unimproved or Deterio- 
rated Condition. 

4. Color Index Just Before Death in the Hospital. 


TaBLe 1.—Color Indexes 


Per Cent. Per Cent. Per Cent. 


Maxi- Mini- Aver- Greater 1.15 to Less than 
Color Index mum mum age than 1.15 0.85 0.85 
At time of admission, sixty-five 


At acme of remission, thirty-four 

examinations..............+++++- 19 0.8 1.3 76 21 3 
Before discharge in unimproved 

or deteriorated condition, nine 


examinations... 19 1.35 1.6 100 ee 
Just before death, twenty-six ex- 
ee EE 2.15 0.9 1.5 88 12 0 


According to this analysis it seems evident that the color index is 
generally lower during remissions than at any other stage of the disease. 
A normal index, however, is met with in barely one-fourth of the 
remissions. Also we note that two of these remissions with normal 
index proved to be persistent, so that renewed examinations after several 
years failed to disclose the slightest trace of the disease. 
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THREE CASES OF ACHYLIA WITH ANEMIA OF DIFFERENT TYPE 
IN THE SAME FAMILY 


Case 1.—The father died some years ago, aged 67. Several examinations dis- 
closed that he had complete achylia, and the hemoglobin dropped to 30 per cent. 
before death. The skin was yellowish. Stained blood films showed changes 
typical of pernicious anemia. He was not treated in any hospital. 


Cast 2—The second patient, when first observed, was aged 44, and was a 
son of the previous patient (Case 1). For fourteen years he had suffered from 
periodic diarrhea. In 1919 he became weak and easily tired and was admitted to 
the clinic in May. 

Physical examinations showed pronounced pallor with a yellowish tint but no 
other changes. Ewald test meal gave 15 c.c. of poorly chymified gastric con- 
tents. Congo red, none, phenolphthalein, 11. 

Under treatment the patient improved rapidly and was discharged. He felt 
well for some time, but was readmitted in April, 1920, in a very anemic condi- 
tion. From this time the patient’s condition steadily deteriorated in spite of 
transfusion and other treatment. He died August 1. Necropsy showed anemia 
and hyperplasia of the spleen. 


Taste 2—Blood Examination 


Hemo- Red Blood Leuko- 
globin, Cells, cytes 
per Millions per per Plasma Platelet 
Date Cent. O.Mm. Index C.Mm. Color Count Blood Films 
First admission, 1919: 


/31 1.87 1.5 3.500 116,000 

6/ 7 53 1.65 1.6 2.900 Markedly 108.000 | Anisopoikilomegalocytosis: 
6/14 9 1. 1.56 2.600 yellow 90,000 normoblasts and megalo- 
6/71 (ie 2.02 1.65 4.600 | 173,000 blasts; later some poly- 
6238 77 2.49 1.5 4.500 oe 177,000 chromatophil reds 

7/7 SO 2.69 1.6 263,000 
Second admission, 1920: 

3/18 68 2.46 1.4 3.100 11 107,000 

3 30 es 2.12 1.5 3.800 12 §1,000 

41 61 1.9 1.6 3.700 8 82,000 

46 67 2.20 1.5 4.500 12 88,000 

5/4 62 2.20 14 3.000 8 83,000 

/17 57 2.08 14 3.300 7 62,000 

6/18 1.50 1.4 1.900 29,000 

6° 29 1.24 1.2 1.900 

7/12 22 0.99 1.2 1.600 

719 26 1.10 1.2 

7/26 lv 0.8 1.2 1.100 


Case 3.—The third patient was a daughter of the first patient and sister of 
the second patient (Cases 1 and 2). At the time of the observation she was 
aged 43. She was admitted Dec. 31, 1919, and discharged March 30, 1920. 

The patient had had nine children and had miscarried twice. She had suf- 
fered some loss of blood at the last miscarriage in 1916. The menstruation had 
been regular, except for pregnancies, and never was profuse. As a young girl 
she had suffered from “chlorosis” and had been treated with iron. In the six 
years before admission the patient had been pale and easily tired. After the 
last miscarriage she had been treated for anemia in another hospital, the hemo- 
globin mounting from 42 to 70 per cent. (Sahli). The pallor and lassitude soon 
returned, however, and became aggravated during the six months before admis- 
sion. She complained of burning and tenderness of the upper surface of the 
tongue. 

Physical examination showed nothing but extreme pallor without any trace 
of jaundice. 

Ewald test meal repeatedly gave only a few cubic centimeters of poorly 
chymified gastric contents showing no reaction to Congo red, and phenol- 
phthalein. 10. The feces contained no blood. 


FABER-GRAM—FAMILIAL ACHYLIA AND ANEMIA 831 


The anemia proved refractory until large doses of reduced iron were given 
Immediately following this treatment the hemoglobin began to mount, and the 
patient was discharged March 30, 1920, in good condition. From personal com- 
munications we know that later she had another relapse of the anemia which also 


reacted favorably to iron. 


TasLe 3.—Blood Examination 


Blood Films 


Anisopoikilomicrocytosis; 
relative lymphocytosis; 
the changes gradually 
decline in intensity 


Blood Films 


Anisopoikilomegalocytosis: 
several megaloblasts and 
normoblasts and  poly- 
chromatophil reds 
Anisopoikilomegalocytosis: 
several megaloblasts and 
normoblasts and poly- 
chromatophil reds 
Anisopoikilomegalocytosis; 
several megaloblasts and 
normoblasts and _ poly 
chromatophil reds 

As before, but only few nu- 
cleated reds 

Prevalent microcytosis, no 
nucleated reds, no certain 
megalocytes 


Prevalent microcytosis, no 
nucleated reds, no certain 
megalocytes 

Prevalent microcytosis, no 
nucleated reds, no certain 
megalocytes 

Prevalent microcytosis, a 
very few larger cells 


Anisopoikilocytosis, several 
megalocytes, but prevalent 
microcytosis 


Anisopoikilomegalocytosis; 
several megaloblasts 


Differential Count 
A. 


Hemo- Red Blood Leuko- 
globin, Cells, cytes 
per Millions per per Plasma Platelet 
Date Cent. O.Mm. Index C.Mm. Color Count 
1/ 6 34 3.64 0.5 2.500 1 347,000 
1/17 wu 3.37 0.5 3.600 1 381,000 
2/10 38 3.58 0.5 4.600 1 339,000 
2/24 40 3.69 0.5 5.200 1 394,000 
3/9 4.32 0.7 4.200 1 362,000 
3/23 77 4.76 08 4.200 1 324,000 
3 30 4.95 0.8 5.200 1 
Tas_e 4.—Blood Examination 
Hemo- Red Blood Leuko- 
globin, Cells, cytes 
per Millions per per Plasma Platelet 
Date Cent. C.Mm. Index C.Mm. Color Count 
First admission: 
12/ 3/19 36 1.41 1.3 1.900 6 73,000 
12/22/19 26 1.07 1.2 3.400 5 58,000 
1/ 5/20 45 1.44 1.35 3.100 3 344,000 
1/12/20 57 2.11 14 1.500 5 457,000 
1/26/20 59 3.02 1.0 3.000 2 757,000 
2/ 9/20 6 4.08 0.8 6.200 3 408,000 
2/23/20 72 4.50 0.8 5.000 2 760,000 
3/ 1/20 71 4.86 0.7 5.000 2 383,000 
3/ 8/20 75 4.72 0.8 4.100 2 362,000 
3/16/20 73 4.18 0.9 3.600 2 415,000 
In another hospital: 
5/ 1/20 41 2.47 0.8 2.700 4 85,000 
Second admission: 
12/ 3/20 21 0.78 1.3 3.500 & 3,000 
12/ 9/20 26 0.85 1.5 eetee 
12/17/20 24 0.58 2.0 3.400 
1/ 5/21 21 0.49 2.1 3.000 
12/22/19 


5/1/20 12/17/20 


76 


q 
| 
4 
= 
— 
j 
} 
f 
66 
0 1 7 
1 
2 1 
39 21 82 
= 


832 ARCHIVES OF INTERNAL MEDICINE 


A CASE OF PERNICIOUS ANEMIA WITH ATYPICAL REMISSION 


Case 4.—The patient at the time of the first admission (Dec. 2, 1919) was a 
married woman, aged 49. For a few months before admission she had suffered 
from weakness, increasing waxy pallor and shortness of breath. Physical exam- 
ination showed marked anemia with a subicteric tint. The spleen was slightly 
enlarged. Ewald test meal showed complete achylia (poorly chymified contents, 
no Congo red, phenolphthalein 18). The blood (Table 4) showed all the typical 
changes of pernicious anemia. Wassermann reaction negative. The feces con- 
tained no blood or parasite eggs. The urine did not contain albumin, blood, pus 
or sugar. Under treatment the patient improved. On February 7, the patient had 
a chill followed by high fever of one day's duration. The urine now contained pus 
and numerous colon bacilli. The improvement continued, the type of anemia 
changed to the picture of simple anemia, and the patient was discharged, March 
23, 1920. 

She very soon became worse and was sent to another hospital, where one of 
us had occasion to examine her May 1. The anemia was still of the simple 
anemia type and the patient recovered rapidly. On December 1, she was 
readmitted to our clinic with all the signs of severe typical pernicious anemia. 
She now did not respond to treatment and died on Jan. 12, 1921. Necropsy 
showed extreme anemia, slight jaundice and red bone marrow, but no other 
changes. 

SUMMARY 
1. Three cases in one family are reported, all of which showed 
gastric achylia, while two of them suffered from typical pernicious 
anemia and one from a pronounced microcytic anemia. 

2. A case of typical pernicious anemia is reported in which the index 

during a remission and part of a relapse fell far below one, so that 


the picture in this and other respects resembled that of a simple anemia. 
3. The behavior of the index in various stages of pernicious anemia 


is analyzed on the basis of a material of fifty-four cases. 
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THE INCIDENCE OF SYPHILIS OF THE AORTA 
WITH INTERSTITIAL AND PARENCHYMATOUS 
NEUROSYPHILIS * 


JOHN H. MUSSER, JR., M.D. 
NEW ORLEANS 
AND 
A. E. BENNETT, M.D. 


OMAHA, NEB. 


Our understanding of syphilis has undergone marked change of 
late years. Yet we still have more to learn than we already know and 
there is urgent need for new lines of investigation. The etiology of 
certain lesions that a few years ago were in dispute has been cleared 
up by the Wassermann test. Recent experimental animal researches and 
thousands of spinal fluid examinations have definitely established the 
fact that the invasion of the nervous system occurs in the early stages 
of the disease. Syphilologists are now quite generally agreed that we 
must consider different strains of the Spirochacta pallida that have 
special predilection for special system, organs or tissues, just as we 
accept a bovine and human type of tubercle bacilli and numerous types 
of cocci and bacilli with special affinity for certain tissues. These facts 
explain many different phenomena observed in cerebrospinal and visceral 
syphilis. 

The study of the frequency of neurosyphilis and cardiovascular 
syphilis dates back to about 1870. There was much difference of 
opinion among earlier workers. Some thought, for instance, that 
aortic disease was rare in tabes, while others spoke of its frequent 
occurrence. These early investigations of general paralytic and tabetic 
patients went far to establish the clinical entity, syphilitic aortitis. It 
was conceded that general paralysis and tabes were at least the result 
of syphilis before aortitis and aneurysm were considered as caused by 
syphilis. Too much reliance cannot be placed on earlier statistical 
studies of the frequency of the combined types of infection. Much con- 
fusion undoubtedly existed between arteriosclerosis and specific aortitis. 


REVIEW OF THE LITERATURE 


Straub,’ in 1899, found that 82 per cent. of eighty-four general 
paralytic patients had aortitis. Lesser,? in 1905, reported nineteen 


*From the Medica! Department and the Pathological Laboratory of the 
Philadelphia General Hospital. 

1. Straub, quoted from Ophuls, W.: Some Notes on Arteriosclerosis of 
the Aorta, Am. J. M. Sc. 131:978, 1906. 

2 Lesser: Zwei Falle von Syphilitischen Exanthem, Berl. klin. Wehnschr. 
42:991, 1905. 
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aneurysms in 100 tabetic patients, while Balacakis * only found three 
cases of aortitis in fifty-five tabetic patients. Friedman‘ has recently 
reviewed the earlier literature on this subject and reports various 
observers’ statistics. This was the only paper of late years that we 
could find on the subject. Stevens ° in a recent textbook states: “Late 
syphilitic lesions of the aorta are common associations of tabes.” Other 
authorities give lower percentages on the associated incidence of specific 
aortic and parenchymatous nervous lesions. Hubert,® in 220 cases of 
syphilitic aortitis, found that 25 per cent. showed tabes. Guilly * reports 
that 20 per cent. of 200 paralytic patients that came to necropsy showed 
late aortitis. Any study such as these has a personal equation in the 
diagnosis of syphilitic aortitis. The pathology considered syphilitic 
aortitis by one pathologist might not be so diagnosed by another. 
Warthin* states: “The gross appearance of the arota is no absolute 
criterion of aortic condition, when gross appearance of syphilitic aortitis 
is present the pathologic diagnosis can be made but with atherosclerosis 
no positive exclusion of syphilis can be made without the microscope.” 
He* also says: “My pathologic experience makes me believe the heart 
and aorta of every syphilitic patient are involved in the infection.” In 
leveling statistical studies it seems that most observers have found 
late syphilitic aortitis in from 20 to 30 per cent. of cases of tabes and 
general paralysis. We must assume that practically 100 per cent. of 
syphilitic patients have focal nests of spirochetes in their masaorta, 
since they can be found in all cases after diligent search. 

While observations on the associated infection of the aorta in tabes 
and general paralysis are common, we are unable to find com- 
parative studies of the frequency of syphilitic aortitis (especially 
aneurysms) with interstitial (endarteritic and meningeal) and 
parenchymatous (tabes and general paralysis) types of neurosyphilis. 
Neither did we find any large group of aneurysms with spinal fluid 
studies. This seemed important to us in view of the possibility of 


3. Balacakis, E.: Des lesions aortiques chez les ataxiques, Paris theses, 
64:59, 1883. 

4. Friedman, E. D.: The Associated Incidence of Syphilis of the Central 
Nervous System and Cardiovascular Syphilis, Arch. Neurol. & Psychiat. 1:289 
(March) 1919. 

5. Stevens, A. A.: The Practice of Medicine, Philadelphia, W. B. Saunders 
Co., 1922, p. 983. 

6. Hubert, G. H.: Zur Klinik und Behandlung der Aortensyphilis, Arch. 
f. klin. med. 28:317, 1918. 

7. Guilly: Aorte et syphilis frequence de la coexistence chez les syphil- 
itiques des aortites avec le tabes et la paralysie generale, Syphilis, Paris, 3:258, 
1905. 

8. Warthin, A. S.: The New Pathology of Syphilis, Am. J. Syphilis 2:425 
(July) 1918. 

9. Warthin, A. S.: Spirochetes in Tissue of Cured Syphilis, Am. J. M. Sc. 
152:520 (Oct.) 1916. 
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determining whether there is more than one type of spirochetal infection, 
and whether advanced aortic lesions are more frequent in either variety 
of neurosyphilis. With this in mind we have undertaken the following 
study. 

The cases of aortitis (aortic insufficiency and aneurysm) admitted to 
the men’s medical department of the Philadelphia General Hospital from 
February to July, 1923, were examined. Thirty patients with syphilitic 
aortitis, showing clear cut physical signs, positive blood Wassermann 
tests or with a history of syphilis were collected. These cases of aortitis 
either showed the presence of an aneurysm or had an aortic insufficiency. 
Patients with systolic aortic murmurs with positive Wassermann tests 
were not included, as there might have been a question of the correct 
diagnosis. Furthermore, diagnoses were confirmed by roentgen-ray 
examinations and when possible by necropsy. Spinal fluid examinations 
were made on all these patients. Several hundred records of aneurysms 
were reviewed in an attempt to enlarge this group, but to our surprise 
we were able to find only very few cases of aneurysms where spinal fluid 
examinations were made. We might assume that in all these cases 
either there did not seem to the clinicians to be indication for the 
examination, or else the possibility of associated cerebrospinal infection 
was not looked for. In order to determine more accurately the asso- 
ciated incidence of aortic with interstitial and parenchymatous syphilis, 
6,363 necropsy records from 1906 to 1923 from the Pathological Labora- 
tory of the Philadelphia Hospital were reviewed. We collected from this 
number 110 general paralysis, 102 cerebrospinal syphilis and fifty cases 
of tabes in which descriptions of the aorta were given. 


CLINICAL STUDY 


In the thirty clinical cases, fourteen had demonstrable aneurysms ; 
eleven were of the aortic arch, two of the abdominal aorta and one of 
the innominate artery (confirmed at necropsy). The other sixteen 
were cases of syphilitic aortitis with aortic regurgitation except one, 
which patient had angina pectoris. When roentgen-ray examinations 
were made they confirmed the clinical findings. In a few cases it was 
impossible to secure a roentgen-ray examination. —Twenty-seven 
patients gave positive blood Wassermann tests of varying degrees. Of 
the three having negative blood reactions one patient showed advanced 
syphilitic aortitis at necropsy, one gave a chancre history and a plus 
Wassermann prior to admission and had received treatment and the 
other gave a positive spinal fluid reaction. 

Spinal fluid examinations revealed the following: There were six 
definitely pathologic fluids, 20 per cent. Five gave positive Wasser- 
mann reactions, 16.6 per cent.; four positive in all antigens and one 
in cholesterin alone. The other case had increased globulin, cell count 
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Case Color 


1 B 
2 Ww 
3 w 
4 B 
5 B 
6 w 
w 
8 Ww 
9 w 
10 B 
11 
12 Ww 
1 w 
w 
15 B 
16 w 
17 B 
18 B 
19 Ww 
Ww 
1 w 
B 
B 
B 
Ww 
B 
7 w 
Ww 
29 w 
‘ B 


ARCHIVES 


Diagnosis 
Abdominal aneurysm 


Aneurysm of ascend- 
ng arch of aorta, 
confirmed at necropsy 
Aneurysm of aortic 
arch; confirmed at 
necropsy 
Aneurysm of innom- 
inate artery: con- 
firmed at necropsy 
Aneurysm of arch of 
aorta 
Aneurysm of arch; 
ruptured left 
hemithorax 
Aneurysm of arch 


Aneurysm of arch; 
cerebrospinal 
syphilis 
Aneurysm of arch 
Aneurysm of descend- 
ing arch 


Aneurysm of arch 


Aneurysm of ascend- 
ing arch 
Aneurysm, abdominal 


Aneurysm of ascend- 
ing arch 
Syphilitic aortitis; 
aortic insufficiency; 
left hemiplegia 
Syphilitie aortitis; 
aortic insufficiency; 

cardiae psychosis 


Syphilitie aortitis; 
aortic insufficiency 
Syphilitie aortitis: 


aortic insufficiency; 
general paralysis 

Syphilitic aortitis; 
aortie insufficiency 


Syphilitic aortitis; 
aortie insufficiency 


Syphilithe aortitis; 
angina pectoris 
Syphilitie aortitis; 
aortie insufficiency 
Syphilitie aortitis: 
syphilitle myoearditis 
Syphilitie aortitis; 
aortic insufficiency 
Syphilitie aortitis: 


aortic insufficiency 
Syphilitie aortie in 
sufliciency; manic 
depressive psychosis 


Syphilitic aortitis; 
aortic insufficiency 
Syphilitic aortitis; 


aortie insufficiency 
Syphilitie aortitis; 
general paralysis; 
necropsy 
Syphilitie aortitis; 
aortic insufficiency 


Aneurysm and Syphilitic Aortitis Cases 


OF INTERNAL MEDICINE 


Spinal Fluid 
Globulin not inereased; no cells; 
Wassermann negative; 0011110000 
++ all antigens Brain showed early sclerosis, no 
findings of syphilis 


Blood Wassermann 
++++ cholesterin 


++ all antigens Trace of globulin: 6 cells per 
e.mm.; Wassermann negative; 

1122 
Negative Globulin not inereased; 1 = cell: 
Wassermann negative; 0000000000 
Globulin not increased: no cells: 
Wassermann negative; 0000000000 
Globulin not inereased; no cells; 
Wassermann negative; 0000000000 


+++4+ all antigens 


++ cholesterin 


Globulin not inereased; 4 cells; 
Wassermann negative; 0000000000 

Globulin, heavy trace; %® cells; 
Wassermann positive, all anti- 
gens: 5555431110 

Wassermann negative 

Globulin not increased; 3 cells; 
Wassermann, cholesterin; 
2200000000 

Globulin, no inerease; cells none; 
Wassermann negative; 00000000 

Globulin, no increase; no cells; 
Wassermann negative; 0000000000 

Globulin, no inerease: cells none; 
Wassermann negative; 0000000000 

Globulin, no inerease; cells 3; 
Wassermann negative; 0000000000 

Wassermann +, all antigens; 
1124110000 


+ + cholesterin 
all antigens 
all antigens 

Negative 

+++ cholesterin 

+++ cholesterin 

+4 all antigens 
++ cholesterin 
cholesterin 


Trace of globulin: no cells: Was- 
sermann negative; 0000000000 


+ cholesterin 


all antigens No inerease of globulin; 6 cells; 
Wassermann negative 
++ all antigens Wassermann +++44, all anti- 
gens; 5554321000 
Globulin, no inerease; cells, no 
increase; Wassermann negative; 
0000000000 
Globulin, no inerease; cells, none; 
Wassermann negative; 0000000000 
cholesterin Globulin, no inerease: cells none: 
Wassermann negative; 0000000000 
Wassermann negative; 0000000000 


+++ cholesterin 


+ all antigens 


Negative 


Globulin, no inerease; 6 cells; 
Wassermann negative: 0000000000 
Wassermann negative; 0000000000 


cholesterin 
all antigens 
Globulin, no increase; cells, none; 


Wassermann negative; 0001100000 
Wassermann negative 


+++4+ all antigens 
+++4 all antigens 
Globulin, no increase; cells, 10; 


Wassermann negative; 0000000000 
Wassermann negative; 0000000000 


+++4 all antigens 
all antigens 


++ Noguchi Globulin inereased; cells, 5: Was- 
sermann +++-+; 5565565200 


4 cholesterin Bloody fluid; ++ cholesterin 
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and a gold curve. Three of these showed Lange gold curves which 
were in the general paralytic zone. Two had strong syphilitic curves 
and one atypical. Four of the positive cases showed clinical signs, two 
were diagnosed general paralysis, one cerebrospinal syphilis and one 
cerebral thrombosis. None showed signs of tabes. The two other 
positive cases had no clinical signs of nervous syphilis. One extreme 
case of aortic regurgitation had an organic psychosis of cardiac origin 
with a negative spinal serologic reaction. The vascular pathology in 
the six positive cases was three aneurysms of the aortic arch, and three 
syphilitic aortitis with aortic insufficiency. The remaining twenty-four 
showed negative spinal fluids and had no clinical evidence of cerebro- 
spinal syphilis. Twelve of these patients were negroes and eighteen 
were whites. Two of the positive fluids were in negroes and four were 
in whites. 
PATHOLOGIC STUDY 


In the review of the necropsy records of the neurosyphilis cases, 
only those diagnosed syphilitic aortitis by the pathologist were accepted 
as absolute, unless from the gross description of hyaline plaques, 
puckering, scarring or dilatation of the aorta one could conclude the 
specimen to be specific aortitis. Routine microscopic studies of the 
aorta have only been done in recent years in this hospital. No intensive 
studies to demonstrate spirochetes in these cases have been made. The 
following statistical report then should only be interpreted as covering 
advanced or late syphilitic aortitis. 

Interstitial neurosyphilis: These were endarteritic cases of cerebral 
thromboses in young adults, chronic gummatous meningitis or meningo- 
myelitis cases. In 102 cases there were thirty-eight, or 27 per cent., 
showing late syphilitic lesions of the aorta. Nine of these (8.9 per 
cent.) had large saccular aneurysms: six were of the aortic arch, one 
abdominal aorta, one thoracic aorta and one vertebral artery. There 
were thirty-nine negroes and sixty-three whites ; thirteen of the negroes 
had syphilitic aortitis and three had aneurysms. 

Parenchymatous neurosyphilis: Out of the 110 cases in which the 
lesions of the cortex were diagnosed as general paralysis, there were 
thirty aortas with advanced syphilitic aortitis, or 27 per cent. Four of 
these, 3.6 per cent., had aneurysms: three of the ascending aorta and one 
of the left ventricle. There were twenty-eight negroes; four of these 
had associated syphilitic aortitis but no aneurysms. 

In fifty necropsies on tabetic patients (three cases classified as 
taboparesis were included): thirteen, or 26 per cent., were found to 
have old specific aortic lesions. There was no true saccular aneurysm 
in the group. Three were negroes; cne of these had syphilitic aortitis. 
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COMMENT 


In our clinical group of aortitis and aneurysms 20 per cent. showed 
undoubted pathologic spinal fluids. This is in accordance with the 
figures given by Wile and Marshall *® in 1,869 spinal fluid studies in 
all stages of the disease. They concluded that from 20 to 30 per cent. 
of all syphilitic patients have pathologic spinal fluids; their standard 
for study was increased globulin, a cell count of over six, Wassermann 
tests and Lange gold curves. They state that from 15 to 30 per cent. 
of syphilitic patients have also cerebrospinal syphilis. Since this occurs 
early in the infection, they assume it must be due to a specificity of the 
spirocheta. McDonald“ examined forty unselected neurosyphilitic 
patients by roentgen ray ; he found that eighteen, or 45 per cent., showed 
specific aortitis. We were unable to find this high a percentage by 
necropsy. We doubt whether the roentgen ray is a more reliable 
criterion for the diagnosis of this condition than the pathologist. 

It is interesting that none of the clinical cases had signs of tabes, 
neither were there any aneurysms in the fifty necropsied tabes cases. 
Friedman * in his study brings out the fact that in tabes the aortic 
lesions may be mild. He says: “One condition usually dominates the 
picture,” and adds, “this may be due to variations in tissue or strains 
of spirochetes.” Lucke and Rea*™ in a study of a large group of 
aneurysms illustrate the greater frequency of aneurysms in certain 
races, notably the higher incidence among negroes and the comparative 
rarity of tabes among them. They too suggest that certain spirochetal 
strains may have a selective affinity for the cardiovascular apparatus. 
Zimmermann," in a comparative study of syphilis in whites and negroes, 
found that the negro developed endarteritic and meningeal forms of 
cerebrospinal syphilis associated with syphilitic aortitis but rarely had 
tabes and aortitis, while in white patients aortitis was more frequently 
associated with tabes and less frequently combined with the endarteritic 
type of cerebrospinal syphilis. The incidence of whites to negroes in 
our group of interstitial cases was approximately two whites to one 
negro, in the general paralysis three whites to one negro, and in tabes 
six to one. The ratio of whites to negroes admitted to the Philadelphia 
Hospital is about four to one. We are inclined to believe from our 


10. Wile, U. J., and Marshall, C. H.: A Study of Spinal Fluid in One Thou- 
sand Eight Hundred and Sixty-Nine Cases of Syphilis in all Stages, Arch. 
Dermat. & Syph. 3:272 (March) 1921. 

11. McDonald, C. A.: The Heart and Arch by X-ray in Neurosyphilis, J. 
Nerv. & Ment. Dis. 57:509, 1923. 

12. Lucke, Baldwin; and Rea, Marion H.: Studies on Aneurysm, J. A. 
M. A. 77:935 (Sept. 17) 1921. 

13. Zimmermann, E. L.: A Comparative Study of Syphilis in Whites and 
in Negroes, Arch. Dermat. & Syph. 4:75 (July) 1921. 
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studies that syphilitic aortitis and aneurysms are more frequently asso- 
ciated with neurosyphilis of the endarteritic and meningeal types 
regardless of race, but that general paralysis and more particularly tabes 
are less frequent in the negro. 

The necropsy studies were instructive in comparing the frequency 
of aortic lesions in the interstitial and parenchymatous types. Syphilitic 
aortitis and aneurysm were more frequent in the cerebrospinal vascular 
group: 38 per cent. had advanced specific aortitis and 8.9 per cent. 
had in addition saccular aneurysms. This is a 10 per cent. higher inci- 
dence of late syphilitic aortitis than the much larger group of general 
paralysis and tabes. There were more than twice as many aneurysms in 
the 102 interstitial cases than in the combined parenchymatous group 
of 160 cases. This observation would seem to point to a specialized 
type of infection, a selective affinity for the cardiovascular system by 
one strain of spirochete and a highly neurotoxic virus in another strain. 
Experimental proof is abundant in the work of Noguchi, Levaditi 
and Marie, Nichols, Reasoner and others who have described different 
strains of spirochetes and shown these to have different cultural and 
morphologic characteristics. Furthermore, each strain produces entirely 
different initial, secondary and tertiary lesions. Levaditi and Marie 
have inoculated rabbits with more than one strain of spirochetes, show- 
ing that inoculation with one strain does not protect against another. 
This observation may account for some of the reinfections seen in 
human beings. In this present year, Plaut and Muelzer * have repro- 
duced in rabbits histologic changes similar to general paralysis in human 
beings, from two cases in which the spirochetes were isolated from 
general paralytic brains. 

CONCLUSIONS 

1. A clinical study of spinal fluids, obtained from thirty cases of 
syphilitic aortitis of which fourteen were aneurysms, showed that 20 
per cent. had associated cerebrospinal infection. 

2. A comparative necropsy study of the frequency of associated late 
aortic syphilis with different varieties of neurosyphilis was done. In 
102 cases of vascular neurosyphilis, 38 per cent. had late syphilitic 
aortitis and 8.9 per cent. had advanced to the stage of aneurysm. While 
in 110 general paralytic patients, 28 per cent. had syphilitic aortitis with 
3.4 per cent. aneurysms and 26 per cent. of fifty tabetic necropsies 
revealed syphilitic aortitis with no aneurysms. 


14. Levaditi, C., and Marie, A.: Plurality of Spirochetes in Syphilis, Présse 
Med. 28:646 (Sept 15) 1920; abstract, J. A. M. A. 75:1457 (Nov. 20) 1920. 

15. Plaut and Muelzer: Action of Different Strains of Spirochetes, Miinchen 
med. Wehnschr. 69:1779 (Dec. 29) 1922; abstract, J. A. M. A. 80:735 (March 
10) 1923. 
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3. Advanced syphilis of the aorta and resulting aneurysms are 
more frequently associated with the endarteritic and meningeal (inter- 
stitial) form of cerebrospinal syphilis than with the parenchymatous 
(tabetic and general paralytic) variety. In the early stage of spiro- 
chetemia there is invasion of every aorta. In certain persons there 
occurs extensive vascular disease, probably the result of vasotropism 
of the Spirochaeta pallida. In others, the aortic lesions are mild, and the 
strain of spirochete has higher invasive qualities and attacks nervous 
tissue with resulting neuronic degeneration by the neurotropic strain. 
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THE RELATION OF THE SUPRARENALS TO 
CHOLESTEROL METABOLISM * 


J. J. JOELSON, M.D. 
CLEVELAND 
AND 
E. SHORR, M.D. 
NEW HAVEN, CONN. 


It has been shown by histologic and chemical studies that the cortex 
of the suprarenal is particularly rich in lipoids, especially cholesterol 
and its esters. It has also been demonstrated that these cortical cells 
hypertrophy during the hypercholesterinemia of pregnancy’ and that 
pregnant animals survive fatal extirpation of the suprarenals much 
longer than nonpregnant animals.? In addition to this, several workers 
have noted in the experimental hypercholesterinemia due to high 
cholesterol feeding, and also in the pathologic and physiologic hyper- 
cholesterinemias, that there has been a constant increase in the lipoid 
content of the cortex of the suprarenals. Wacker and Hueck* have 
demonstrated that animals that had been fed cholesterol preoperatively 
definitely lived longer after bilateral suprarenalectomy. ‘These observa- 
tions, together with the work of Chauffard and his school in France, 
and the German workers (Aschoff, Rothschild, Landau and McNee) 
strongly suggest that some definite relationship exists between the 
suprarenal glands and the cholesterol metabolism of the body. 

Just what this relationship may be has not been determined, but 
several different views have been advanced. Aschoff’s school considers 
the changes in the suprarenal to be secondary to the hypercholesteri- 
nemia and that the suprarenal merely acts as a “depot organ” for the 
cholesterol. Their opinions are based, to some extent, on the experi- 
mental work of Rothschild* and Landau and McNee.® The former 
performed unilateral and bilateral suprarenalectomies on rabbits and 


* From the Section of Surgery, Yale University School of Medicine. 

1. Sternberg, H.: Die Nebenniere bei physiologischer (Schwangerschaft—) 
und artifizieller Hypercholesterinamie, Beitr. z. path. Anat. u. z. allg. Path. 
60:91-123, 1915. 

2. Stewart, H. A.: On Certain Relations Between Lipoid Substances and 
the Adrenals, Seventeenth International Congress of Medicine, London, 1913, 
Section III, Part II, p. 173-181. 

3. Wacker, L., and Hueck, W.: Cited by Rothschild (4). 

4. Rothschild, M. A.: Zur Physiologie des Cholesterinstoffwechsels: III. 
Die Beziehungen der Nebenniere zum Cholesterinstoffwechsel. Beitr. z. path. 
Anat. u. z. allg. Path. 60:39-65, 1915. 

5. Landau, M., and McNee, J. W.: Zur Physiologie des Cholesterinstoff- 
wechsels. Beitr. z. path. Anat. u. z. allg. Path. 58:667-699, 1914. 
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studied the changes in the cholesterol content of the blood, the bile and 
the suprarenals. After the removal of one suprarenal, he noted a sharp 
rise in blood cholesterol during the first twenty-four hours after opera- 
tion, which was followed by a fall and then a secondary gradual rise 
which reached its highest point at about the twelfth day. In the few 
animals which were studied for longer periods, this high point was 
followed by a rather sudden fall in the cholesterol content of the blood 
to below normal and then there was a gradual rise so that a practically 
normal figure was reached on about the twenty-first day postoperatively. 
In those animals in which both suprarenals were removed, Rothschild 
reported a more progressive hypercholesterinemia continuing until the 
animal died which usually occurred within twenty-four hours. Landau 
and McNee® studied the free and cholesterol ester content of the 
suprarena!s in rabbits which were given olive oil and cholesterol in 
olive oil by mouth and intraperitoneally and found a definite increase, 
due practically entirely to cholesterol esters. 

The French School, headed by Chauffard, have done a large amount 
of work on cholesterol. They have maintained in many of their 
papers ® that the suprarenals are capable of synthesizing this substance, 
and that the blood changes are secondary to the increased cholesterol 
production of the suprarenal cortex. This theory is based to some 
extent on the experimental work of Grigaut,® who followed the changes 
in the cholesterol content in the blood of dogs after unilateral and 
bilateral suprarenalectomies. He found that, following the removal 
of one suprarenal, there was a short period during which no change 
occurred in the blood cholesterol. After this latent period, a hyper- 
cholesterinemia developed which reached its maximum on the twelfth 
day and returned to normal on the twenty-first day. After bilateral 
suprarenalectomy no change was found in the cholesterol content of the 
blood. Grigaut interpreted these findings in the following way: After 
the unilateral suprarenalectomies the latent period, during which there 
was no change in the blood cholesterol, was due to the period of time 
necessary for the remaining suprarenal to hypertrophy and hyperfunc- 
tion. The absence of an increased cholesterol content of the blood 
following bilateral suprarenalectomy was due to the removal of the 


organ which secretes the cholesterol. 


6. Grigaut, A.: Le metabolisme de la cholestérine, Part IIT. Le cycle de 
la cholestérinémie, Thése de Paris, Paris, 1913. Grigaut, A., and L’Huillier, A.: 
Hypercholestérinémie d’origine alimentaire chez le chien, Compt. rend. Soc. 
de Biol. 73:304-307, 1912. Chauffard, A.; La Roche, G., and Grigaut, A.: La 
cholestérinémie a l’état normal et pathologique. Ann. de méd. 8:69-91 (Aug.) 
1920: Le cycle de la cholestérine dans l’organisme. Ann. de méd. 8:149-172, 
1920: Les dépots locaux de cholestérine, Ann, de méd. 8:321-334 (Nov.) 1920. 
La Roche, G.: Suprarenals and Cholesterin, Rev. frang. d’endocrin, Paris, 


1:185, 1923. 


q 
3 
a4 
3 
q 
| 


JOELSON-SHORR—CHOLESTEROL METABOLISM 843 


In a more recent work Baumann and Holly * have studied in rabbits 
the effects of suprarenalectomy on the cholesterol and lipoid phosphorus 
content of the blood. They observed no increase in the blood cholesterol 
after unilateral suprarenalectomy, in fact, six out of ten of the uncom- 
plicated experiments showed a decrease amounting to about 15 per cent. 
In the animals that survived double suprarenalectomy for five weeks 
or more, there were no changes in the blood cholesterol. However, 
there was a terminal rise which the authors considered only as one of 
the terminal effects. They divide their series of animals into two 
groups: “Class A, those dying within four or five weeks; and Class B, 
those living for four or five months or indefinitely.” Six rabbits fell 
into each group. It seems quite evident that if the animals survived 
removal of the second suprarenal gland for such long periods of time, 
a severe degree of suprarenal insufficiency could not have been pro- 
duced. All their bilateral suprarenalectomies, except one, were done in 
two stages, the second suprarenal being removed from two to seven 
weeks after the first. Rabbits fairly frequently have accessory supra- 
renal tissue, and the period between the first and second suprarenal- 
ectomy would give sufficient time for this tissue to hypertrophy enough 
to be able to take over the burden after removal of the second supra- 
renal. Elliott * found this to occur quite frequently in cats. It is inter- 
esting to note that the only rabbit in which they removed both 
suprarenals at once (Rabbit 304), showed a definite increase in the 
cholesterol content of the blood during the first week after operation 
and that this increase steadily became more marked until the death 
of the animal. 

While both Rothschild and Grigaut observed a hypercholesterinemia 
following the unilateral suprarenalectomies, their results in the cases of 
bilateral suprarenalectomies are quite different. Various factors which 
might have caused the differences in the findings of all these investi- 
gators are as follows: 

1. Diet. 
controlled the diet of the animals before or after operation. The animals 


None of the previous workers seemed to have sufficiently 


evidently were permitted to eat as much as they wanted of the usual 
laboratory diet, without any apparent attempt being made to establish 
a uniform and constant intake. Baumann and Holly state that their 
rabbits were kept on a uniform diet of alfalfa, oats and carrots, but the 

7. Baumann, E. J., and Holly, O. M.: The Relation of Lipoids to Supra- 
renal Physiology. I. The Cholesterol and Lipoid Phosphorus Contents of the 
Blood of Rabbits Before and After Suprarenalectomy, J. Biol. Chem. 55:457-475 


(March) 1923. 
8. Elliott, T. R.: Some Results of Excision of the Adrenal Glands, J. 


Physiol, 49:38-53, 1915. 
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amount of diet apparently was not calculated in calories per kilogram 
of body weight. 

That the cholesterol in the blood is influenced by the quantity of 
this substance in the food has been quite definitely established.® 
Furthermore, Luden*® has shown that the various foodstuffs vary 
greatly in their cholesterol content. Egg yolk contains 888 mg. of 
cholesterol per hundred grams; butter 298; beef, 53; cream, 61 mg. per 
hundred cubic centimeters ; milk, 28; and oatmeal 0. This author ** has 
also studied the effects of various types of diets on the blood cholesterol, 
and found that on a simple diet, consisting mainly of milk, bread, lettuce 
and jam, there was a definite decrease in total cholesterol in three days ; 
on an exclusive meat diet (from 1% to 1% pounds [about 7 to 9 
gm.| per day) a very marked increase resulted (about 100 per cent. in 
seven days) ; while on a vegetable diet, the blood cholesterol again defi- 
nitely dropped. Rothschild '* has shown in experiments on rabbits that 
starvation causes an increase in the cholesterol content of the blood, liver, 
bile and suprarenals. Gardner and Lander ° also describe as a rise in the 
blood cholesterol during inanition. Experiments such as these show the 
necessity, before and after operation, of a uniform and adequate diet 
which has been calculated in calories per kilogram of body weight. 
After operation, another difficulty is encountered in the varying appe- 
tites of the animals. Some of them refuse all food, others are not 
affected at all, and still others may partake of small amounts of food. 

2. Experimental Animals.—The type of animal used may very easily 
be conceived to make a difference in the results obtained. Grigaut used 
dogs, while Rothschild and Baumann and Holly used rabbits. The 
latter, and other herbivora, evidently have a rather sluggish cholesterol 
metabolism. Relatively small amounts of cholesterol are found in the 
bile, so that a considerable increase in the blood cholesterol is necessary 

9. Gardner, J. A., and Lander, P. E.: On the Cholesterol Content of the 
Tissues of Cats under Various Dietetic Conditions and During Inanition, 
Biochem. J. 7:576-587, 1913. Sternberg (Footnote 1). Grigaut, Grigaut and 
Hulier, Chauffard, La Roche and Grigaut, La Roche (Footnote 6). Luden 
(Footnotes 10 and 11). 

10. Luden, G.: Changes in the Cholesterol Content of the Blood of Goats, 
Following Cholesterol Feeding Alone, Roentgen Treatment Alone, and Chol- 
esterol Feeding Combined with Roentgen Treatment and Subsequent Castration, 
Jour. Biol. Chem. 27:273-297 (Oct.) 1916. 

11. Luden, G.: Studies on Cholesterol: IV. Experiments Concerning the 
Relation of the Diet, the Blood Cholesterol, and the “Lymphoid Defense,” 
J. Lab. & Clin. Med. 3:141-172 (Dec.) 1917; Studies on Cholesterol: VI. The 
Value of Blood Cholesterol Determinations and Their Place in Cancer Research, 
J. Lab. & Clin. Med. 4:719-735 (Sept.) 1919. 

12. Rothschild, M. A.: Zur Physiologie des Cholesterinstoffwechsels: V. 
Der Cholesteringehalt des Blutes und einiger Organe im Hungerzustand, Beitr. 
z. path. Anat. u. z. allg. Path. 60:227-231, 1915. 
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before there is any increased output in the bile. For this reason the 
blood of a rabbit will show much greater variations in the cholesterol 
content than that of a dog, in which animal the cholesterol metabolism 
is more active. As a result, any increase in the cholesterol in the blood 
readily finds its way out through the bile. In addition, rabbits much 
more frequently have accessory suprarenal tissue. 

3. Blood Volume and Concentration.—-The failure of all the previous 
investigators to determine the changes in the blood concentration, 
together with the cholesterol changes makes it difficult properly to 
evaluate their work. Donath’® states that in cats, the blood solids 
increased from an average of 19.6 to 24.5 per cent. following supra- 
renalectomy. A change in blood concentration necessarily carries with 
it a corresponding change in the various constituents of the blood. 

In the experiments which follow, an attempt has been made to 
determine the effect of unilateral and bilateral suprarenalectomies on 
the blood cholesterol of dogs. The animals have been kept on carefully 
calculated constant diets and the changes in the blood concentration and 
other constituents of the blood have been studied, together with the 
changes in cholesterol. 

METHODS 


Healthy young dogs were used in these experiments, and so far as 
possible, males were selected in order to rule out the possible influences 
that pregnancy might have on the cholesterol metabolism. Two different 
series of animals were studied. In Series A,'* the blood cholesterol, 
blood sugar, nonprotein nitrogen, blood solids and hemoglobin were 
studied ; while in Series B, the free cholesterol, cholesterol ester, and 
total cholesterol contents of the blood were determined in addition to the 
blood urea and blood solids. 

Diet—The dogs were fed daily until they were operated on. 
Following the unilateral suprarenalectomies, no food was given for 
twenty-four hours but water was given freely. Following the bilateral 
suprarenalectomies, or the removal of the second suprarenal, no further 
food was given but here again the animals were allowed to drink. In 
this way uniform dietary conditions were obtained with all the animals 
throughout the experiments. 

In Series A, the diet was an adequate one for dogs under usual 
laboratory conditions. It consisted of 21.5 gm. of lean meat, 5.0 gm. of 
cracker meal and 3.0 gm. of lard per kilogram of body weight daily. 


13. Donath, J.: Ueber den Einfluss der Nebennierenextirpation auf die Blut- 
konzentration bei Katzen, Arch. f. exper. Path. u. Pharmakol. 77:1-15, 1914. 

14. The dogs in Series A are designated by a letter (Dog A, Dog B, Dog C, 
etc.), whereas those in Series B are numbered (Dog 13, Dog 16, etc.). 
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The dogs in Series B received the diet which has recently been 
described by Cowgill.° The kilogram unit daily of this diet is as 
follows : 

TaBLe 1.—Kilogram Unit Daily of Diet 


Amount Calories Percentage 
Grams 
Casein, 819% Pure 6.3 20.8 37.6 
2.7 % Nitrogen 
Sucrose 5.84 23.4 349 
Lard 2.83 25.5 17.0! 24.9 
Butter Fat 1.17 10.5 7.0\ 
Bone Ash 0.40 2.3 
Salt Mixture 0.20 12 
Total 16.74 80.2 100.0 


The salt mixture used was the one described by Karr."* 


Taste 2.—Salt Mixture 


Grams 
Compound Solution of Iodin..................06- a few drops. 


Vitamin B was given with the diet in the form of yeast vitamin 
powder (Harris) ; 60 mg. per kilogram of body weight daily. 

Cholesterol Determinations —The blood cholesterol determinations 
were made by the colorimetric method of Bloor’? and Bloor and 
Knudson."* 

In the determinations made on the dogs in Series B, the method 
described by Bloor and Knudson'* was followed exactly. Three 
cubic centimeters of blood were slowly dropped from a_ previously 
calibrated pipet into about 75 c.c. of a mixture of redistilled alcohol 
and ether (3 parts of alcohol to 1 part of ether) in a 100 c.c. volumetric 
flask. The flask was shaken constantly during the transfer. The con- 
tents of the flask were then raised to boiling point on a water bath, 
with constant shaking to avoid superheating; cooled to room tempera- 


15. Cowgill, G. R.: An Improved Procedure for Metabelism Experiments. 
J. Biol. Chem. 56: 725-737 (July) 1923. 

16. Karr, W. G.: Some Effects of Water-Soluble Vitamin on Nutrition, 
J. Biol. Chem. 44:255-276 (Nov.) 1920. 

17. Bloor, W. R.: The Determination of Cholesterol in the Blood, J. Biol. 
Chem. 24:227-231 (March) 1916. 

18. Bloor, W. R., and Knudson, A.: Separate Determination of Cholesterol 
and Cholesterol Esters in Small Amounts of Blood, J. Biol. Chem. 27:107-112 
(Oct.) 1916. 
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ture; filled to the mark with more alcohol-ether mixture, and then 
filtered. Ten cubic centimeters of this filtrate were measured into a 
small flat-bottomed beaker and evaporated just to dryness on an electric 
stove. The cholesterol was extracted from the dry residue by “boiling 
out” three or four times with successive small amounts (about 4 c.c.) 
of chloroform, and decanted into a 10 c.c. glass stoppered graduated 
cylinder. These combined extracts after cooling were then made up to 
€£. 

From 20 to 30 c.c. of the filtered alcohol-ether extract was measured 
into a 50 c.c. Erlenmeyer flask and 1 c.c. of a 1 per cent. alcoholic solu- 
tion of digitonin added to this. The whole mixture was then evaporated 
just to dryness. (The digitonin combines with the free cholesterol to 
form digitonin-cholesterid but does not affect the cholesterol esters.) The 
dried residue in the flask was extracted by boiling with successive small 
amounts of petroleum-benzin (boiling below 60 C.) and this extract 
filtered through a plug of fat-free cotton in the stem of a small funnel. 
(The petroleum-benzin dissolves the cholesterol-esters but not the 
precipitated digitonin-cholesterid.) The combined extracts were then 
evaporated just to dryness and the cholesterol esters taken up by boiling 
with successive small amounts of chloroform and decanted into a 
10 c.c. glass stoppered graduated cylinder. These combined extracts 
were made up to 5 c.c. after cooling. 

Five cubic centimeters of a standard solution of pure cholesterol 
(Merck) in chloroform (each cubic centimeter contains 0.1 mg. of 
cholesterol) was measured into a similar 10 c.c. cylinder. 

To each of these solutions were added 2 c.c. of acetic anhydrid and 
0.1 c.c. of concentrated sulphuric acid. The solutions were mixed by 
inverting the cylinders several times and then allowed to stand for 
fifteen minutes at a temperature of from 20 to 22 C., and exposed to the 
same light as the readings were to be made by later..* After the color 
had developed, the solutions were read in a Duboscq colorimeter with 
the standard set at 15 mm. All determinations were made in duplicate. 

In Series A (except in Dog G), the same method was used for 
determining the total cholesterol content of the blood,’ except that 
instead of using a solution of pure cholesterol in chloroform as a 
standard, the animal’s own blood was used, putting it through the same 
process as the unknown sample and considering its value as 100 per 
cent. This standard was used in an attempt to overcome the brownish 
tinge which occasionally occurs in the unknown sample and makes 
the colorimetric reading difficult and at times impossible. When this 


19. Bloor, W. R.; Pelkan, K. F., and Allen, D. M.: Determination of Fatty 
Acids (and Cholesterol) in Small Amounts of Blood Plasma, J. Biol. Chem. 
§2:191-205 (May) 1922. 
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“blood standard” is used, the same impurities are present in both the 
standard and the unknown, and thus the readings are made more easily. 
In this way satisfactorily comparable results were obtained, although 
the readings were not in terms of milligrams per hundred cubic centi- 
meters of blood. In Dog G, however, the usual standard was used and 
the figures here do represent milligrams per hundred cubic centimeters. 

Nonprotein Nitrogen, Blood Urea and Blood Sugar. — These 
determinations were made after the method of Folin and Wu.*° 

The hemoglobin determinations were made by the Cohen and Smith 
method.*" 

Blood Solids—Approximately from 0.5 to 1.0 gm. of blood was 
drawn into weighed aluminum dishes, which were supplied with tightly 
fitting covers. After a second weighing the covers were removed and 
the blood dried in an oven at a temperature of 105 C. for from twelve to 
eighteen hours, cooled in a desiccator for one-half hour, and weighed 
again. The percentage of total blood solids was then calculated from 
the weights of the whole and dried blood. 

Surgical—All operations were performed with the usual aseptic 
technic. Ether anesthesia, preceded by morphin was used. The supra- 
renalectomies were done through lumbar incisions. 

The blood specimens were obtained from the jugular vein. The 
animals were fed daily at about 2 p. m. and the bleedings were made 
just before feeding. 

PRESENTATION OF DATA 


Series A.—In this series, nine male dogs were used. Bilateral supra- 
renalectomies were done in one stage in four of them (Dogs A, B, C 
and D) and the total blood cholesterol, blood sugar, nonprotein nitrogen, 
blood solids, and hemoglobin were studied before and after operation. 
Three of these dogs showed very definite increases in the blood 
cholesterol after the operation, but the fourth one (Dog D) showed a 
slight drop. The necessity of studying the blood concentration by means 
of either the blood solids or hemoglobin is indicated in this dog. The 
preoperative average here for cholesterol was 104 per cent. and for hemo- 
globin 98 per cent. Postoperatively, the cholesterol reading was 124 
per cent., an apparent increase of 20 per cent, but as the hemoglobin 
reading was 126 per cent., it will readily be seen that this increase was 
due to the concentration of the blood. The blood sugar showed a drop in 


20. Folin, O., and Wu, H.: A System of Blood Analysis, J. Biol. Chem. 
38:81-110 (May) 1919; A Simplified and Improved Method for Determination 
of Sugar, J. Biol. Chem, 41:367-374 (March) 1920. 

21. Cohen, B., and Smith, A. H.: The Colorimetric Determination of Hemo- 
globin, J. Biol. Chem. 39:489-496 (Oct.) 1919. 
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three of the four dogs and a negligible rise in one. However, it should 
be remembered that none of these dogs were fed after they were oper- 
ated on. The nonprotein nitrogen showed a steady increase, which was 
very marked. An increased concentration of the blood was present in all 


( Protocols 1, 2, 3 and 4). 
Protoco. 1—Dog A, Male 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
Mg. Mg. Non- Mg Mg. Non- 
Blood protein Blood Hemo- Blood protein 
Sugar, Nitrogen Solids, globin, Sugar, Nitrogen 
Choles- per per 100C.c. per per Choles per per10C.c 
Day terol Cent. Blood Cent. Cent. terol Cent. Blood 
96 23 21.0 105 
81 108 2 20.0 
81 108 29 19.9 
Preoperative average 81 101 25 20.3 v8 
Third, a. m.,operation: bilateral suprarenalectomy 
% 112 2 20.7 12 —3 
100 37 20.7 OF 58 —3 12 
7 48 22.4 108 —18 20 
98 86 21.4 80 13 


Died sixty-two hours after operation. Postmortem examination negative 


Protoco. 2.—Dog B, Male 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 


Mg. Mg. Non- Mg. Mg. Non- 
Blood protein Blood Hemo- Blood protein 
Sugar, Nitrogen Solids, Sugar, Nitrogen 
Choles- per per 100 C.c. per per Choles per per1@C.c 
Day terol Cent. Blood Cent. Cent. terol Cent. Blood 
110 106 31 18.3 81 
105 104 $2 19.0 81 
Preoperative average 108 105 32 18.7 §1 
Second, operation: bilateral suprarenalectomy 
139 39 19.3 91 28 6 
Pe cacsdsedecasas 140 98 49 19.7 101 26 13 15 


Died forty hours after operation. Postmortem examination negative. 


Protoco, 3.—Dog C, Male 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 


Mg. Mg. Non- Mg. Mg. Non- 
Blood protein Blood Hemo- Blood protein 
Sugar, Nitrogen Solids, globin, Sugar, Nitrogen 
Choles- per per 100 C.c. per per Choles- per perl00C.e. 
Day terol Cent. Blood Cent. Cent. terol Cent. Blood 
re 98 98 55 22.6 98 
106 64 21.6 102 
Preoperative average 102 102 59 22.1 100 
Second, operation: bilateral suprarenalectomy 
Weesecassiconteces 141 1l4 S4 23.5 121 32 5 21 


Died twenty-five hours after operation. Postmortem examination negative. 
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Protoco, 4.—Dog D, Male 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to the Hemoglobin 
Mg. Mg. Non- Mg. Mg. Non- 
Blood protein Hemo- Blood protein 
Sugar, Nitrogen globin, Sugar, Nitrogen 
Choles- per perl00C.c. per Choles- per per 100 O.c. 
Day terol Cent. Blood Cent. terol Cent. Blood 
es 113 eee of es 
Second 40 lw 
Preoperative average... 104 152 40 98 
Second, operation: bilateral suprarenalectomy 
124 117 153 126 —7 102 


Died twenty hours after operation. Postmortem examination negative. 


The average duration of life following the bilateral suprarenalecto- 
mies of this group was thirty-seven hours; the longest duration being 
sixty-two hours, and the shortest twenty hours. 

In Dog E, a unilateral suprarenalectomy was done at one operation 
and the remaining suprarenal removed one week later. The first day 
after the unilateral suprarenalectomy there was a very marked increase 
in the blood cholesterol, followed on the next day by a decided drop, but 
the figures still remained well above normal. The blood sugar and 
nonprotein nitrogen both showed somewhat of an elevation above the 
preoperative average. After the removal of the remaining suprarenal, 
there was a further increase in the blood cholesterol on the first day 
after the operation, but this was followed by a steady decline to almost 
normal shortly before death. The blood sugar steadily diminished, but 
the nonprotein nitrogen steadily increased after the second operation. 
An increase in the blood concentration was indicated by the definite rise 
in the percentages of the blood solids and hemoglobin. This animal died 
sixty hours after the second operation (Protocol 5). 


Protoco, 5.—Dog E, Male 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
Mg. Meg Non- Mg. Mg. Non 
Blood protein Blood Hemo- Blood protein 
Sugar, Nitrogen Solids, globin, Sugar, Nitrogen 
Choles- per per 100C.c. per per Choles per perl00C.ec. 
terol Cent. Blood Cent. Cent. terol Cent. Blood 
91 108 os 22.6 120 
111 98 42 22.4 116 
115 106 48 22.2 112 
106 14 43 22.4 116 
Third, operation: unilateral suprarenalectomy 
176 110 46 20.9 100 77 13 6 
128 104 47 21.4 s9 27 5 6 
130 108 48 20.5 % 33 13 9 
137 108 52 20.5 % 40 13 18 
Average increase in one week following unilateral suprarenalectomy.. . 44 11 8 
Tenth, operation: remaining suprarenal removed 
eee 156 106 48 21.7 114 53 5 6 
. ae 148 106 65 24.6 112 32 —8 18 
—20 


Thirteenth............ 130 100 73 26.2 120 


Died sixty hours after operation. Postmortem examination negative. 
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In Dog G, the right suprarenal was removed at one operation and 
then half of the left was removed eleven days later. Daily 
bleedings were made and the total blood cholesterol, blood solids and 
hemoglobin followed. Twenty-four hours after the first operation there 
was a slight rise in the blood cholesterol followed by a fall to approxi- 
mately normal, which lasted for forty-eight hours, and then a marked 
secondary rise. A week after the second operation still higher figures 
were obtained. During the first forty-eight hours after operation there 
was an increase in the blood concentration but following this there was a 
gradual drop, possibly due to the frequently repeated bleedings 


( Protocol 6). 
Proioco, 6.—Dog G, Male 


Actual Readings Change from Preoperative 
~ Average Calculated in 
Mg. Choles- Relation to Blood Solids; 
terol per Blood Solids, Hemoglobin, Mg. Cholesterol 
Day 100 C.c. Blood _ per Cent. per Cent. per 100 C.c. Blood 
162 21.4 137 oe 
10 19.6 121 
180 19.5 108 
164 20.4 132 
166 20.2 135 
195 22.6 13 
Preoperative average. ..... 165 20.6 128 
Thirteenth, operation: right suprarenalectomy 
188 21.8 124 13 
174 23.0 141 —10 
158 19.7 121 0 
Seventeenth...... eas 240 20.3 128 78 
Nineteenth...... ‘ 201 19.0 128 49 
Twentieth.... 192 20.4 115 28 
Twenty-first..... . 199 20.6 120 84 
Twenty-second..... wie 207 18.5 101 59 
Twenty-fourth............. 234 18.2 101 SS 
Average increase in 11 days following unilateral suprarenalectomy.... 38 
Twenty-fourth, operation: half of left suprarenal removed 
230 19.7 72 
Twenty-eighth.............. 26 18.8 104 75 
222 17.5 100 8 
244 78 109 101 
256 17.5 100 116 


Animal sacrificed sixteen months later; was in fine condition. 


Dog F had the entire right suprarenal and half of the left suprarenal 
removed at one operation and the total blood cholesterol, blood sugar, 
nonprotein nitrogen, blood solids and hemoglobin studied for six days 
after operation. In this animal there was a definite increase in the 
cholesterol for the entire period that it was followed. There was no 
definite change noted in the blood sugar nor the nonprotein nitrogen. 
The blood solids showed very little variation, although there was a fairly 
marked drop in the hemoglobin by the eighth day (Protocol 7). 

In order to rule out the possible influence of an anesthetic or an 
operative procedure on the blood cholesterol, several dogs were run 
through as control experiments. In addition, since Gardner and Lander ® 
and Rothschild *? have shown that starvation will increase the blood 
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Protoco, 7.—Dog F, Male 


Actual Readings 


MEDICINE 


Change from Preoperative 
Average Calculated in 
Relation to Blood Solids 


Mg. Mg. Non- Mg. Mg. Non- 
Blood protein Blood Hemo Blood protein 
Sugar, Nitrogen Solids, globin, Sugar, Nitrogen 
Choles- per per 100 C.c. per per Choles- per perl00C.e. 
Day terol Cent. Blood Cent. Cent. terol Cent. Blood 
First 109 112 
Second.. S7 22.3 111 
Preoperative average 100 22.6 112 
Second operation: removal of one and one-half suprarenals 
, | 22.1 31 3 8 
Third, p. m. . ai 123 105 “9 22.6 zy 35 —4 19 
Fourth. 126 106 48 2.0 41 0 —1 
Seventh.. 22.0 38 —4 1 
Fighth.. 14 112 22.0 6 1 


Animal in excellent condition at end of experiment 


cholesterol, it was also necessary to determine whether short periods of 
starvation, such as were present in our dogs after bilateral supra- 
renalectomy, would influence it. Accordingly, after having been on the 
standard diet for three days, these dogs were operated on under ether 
anesthesia preceded by morphin and an exploratory laparotomy done, 
during which the intestines, suprarenals and other organs were manipu- 
lated. Following the operation the animals were starved for four days. 
In none of these dogs was there any definite change noted after the 
operation in the cholesterol content of the blood or the nonprotein 
nitrogen. There was, however, a slight drop in the blood sugar. The 
protocol of Dog M will serve as one typical of these control animals 
( Protocol 8). 
Protoco, 8.—Control Experiment * 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
Mg. Mg. Non- Mg. Mg. Non- 
Blood protein Blood Hemo- Blood protein 
Sugar, Nitrogen Solids, globin, Sugar, Nitrogen 
Choles per per 100 C.c. per per Choles- per perl00C.c. 
Day terol Cent. Blood Cent. Cent. terol Cent. Blood 
First.. 108 17.6 83 
Operation: exploratory laparotomy 
Second 1% 101 33 16.6 81 —1 1 
Third. ‘ 16.7 70 3 8 
Fourth...... 113 40 17.1 78 3 7 
105 28 17.8 115 1 —4 6 


* Dog M.—Young healthy male dog. Weighed 9 kg. Received standard diet for 3 days 
Ether anesthesia. Exploratory laparotomy performed with manipu- 


and then operated on. 
Duration of operation, 1 hour. 


lation of the intestines, suprarenals, ete. 


In one of the dogs of this series (Dog N) an artificial hyper- 
cholesterinemia was produced by feeding the animal 1 gm. of cholesterol 
and giving subcutaneous injections of 10 gm. of hydrous wool fat daily 
for eleven days before performing a bilateral suprarenalectomy. In 
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this dog the blood cholesterol did not rise above the preoperative average 
until the second day after the operation. It remained up on the two 
following days but on the last day of life it dropped below the pre- 
operative average. The blood sugar showed practically no change until 
the last day. The nonprotein nitrogen steadily increased until it reached 
an unusually high figure. The duration of life following a bilateral 
suprarenalectomy was apparently definitely increased in this case, as 
the dog lived for 124 hours after the operation, twice as long as the 
longest period obtained in the dog in which no preoperative hyper- 
cholesterinemia was produced. At necropsy no accesory suprarenal 


tissue was found ( Protocol 9). 
Protoco, 9.—Dog N, Healthy Male Dog’ 


Change from Preoperative 
Average Caleulated in 


Actual Readings Relation to Blood Solids 
Mg. Mg. Non- Mg Mg. Non 
Blood protein Blood Hemo- Blood protein 
Sugar, Nitrogen Solids, globin, Sugar, Nitrogen 
Choles- per per C.c. per per Choles- per perl0oc.c. 
Day terol Cent. Blood Cent. Cent. terol Cent Blood 
First.. 106 34 21.6 M4 
170 21.4 93 
Preoperative average 146 Os 34 21.4 91 
Eleventh, operation: bilateral] suprarenalectomy 
Twelfth... ‘ . 138 o8 52 21.9 91 —11 —2 17 
Thirteenth............ 180 21.7 32 —7 
Fifteenth.... 21.8 101 31 3 
Sixteenth... 204 24.3 16 16 125 


Died 124 bours after operation. Necropsy revealed no other possible cause of death. No 
accessory suprarenal Tissue found. 

* Dog N.—Healthy male dog. Weighed 12 kg. Received 1 gm. of cholesterol by mouth 
and 10 gm. of hydrous wool fat subcutaneously each day during the experiment. Before 
operation the dog was given the standard diet; after operation, just the cholesterol and 
hydrous wool fat. 


Series B.—In this series eight dogs were used. Cowegill’s diet was 
used instead of the one consisting of meat, cracker meal and lard. In 
addition’to studying the total cholesterol content of the blood, the ratio 
between the free cholesterol and cholesterol ester was determined. The 
blood urea and blood solids were also followed. 

In four of the dogs bilateral suprarenalectomies were done at one 
operation (Dogs 13, 16, 45 and 46). Two of these dogs showed definite 
increases in the blood cholesterol after the operation (Dogs 13 and 45). 
Dog 16 showed a transient increase of about 8 per cent. and in Dog 46 
there was an increase of only 10 per cent., not enough in either case to 
be considered a definite rise. In Dog 45 the increase was caused entirely 
by the free cholesterol but in the other dogs it was fairly evenly divided 
between free cholesterol and the cholesterol esters. The blood urea 
became elevated in all four animals. The blood solids exhibited no 
constant change. The average duration of life after operation in this 
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group was twenty-five hours, the shortest being sixteen hours and the 
longest thirty-six. It is interesting to note that the dog which lived 
the longest showed an early pregnancy at necropsy (Protocols 10, 11, 
12 and 13). 


Protoco. 10.—Dog 13, Male, weighed 11.1 kg. 


Change from Preoperative 
Average Caleulated in 


Actual Readings Relation to Blood Solids 
Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood 
————_ per Blood - Blood 
Date Free Ester Total Cent. Urea Free Fster Total Urea Remarks 
11/ 6/23 sae ion .... Dog put on constant diet 
11/ 9/23 151 sy 240 21.1 26 eece es eoee .... Aetive; not eating well; 
mild conjunctivitis 
11/11/23 145 225 19.9 22 .... Active; appetite good; 
eyes all right; weight, 
10.9 kg. 
11/12/23 131 223 19.6 .... Dog in very good conti 
tion; appetite excellent 
Preoperative 
average 142 87 229 20.2 4 
11 12/23 ‘ Operation: bilateral 
suprarenalectomy at 
3:30 p.m. 
11/13/28 144 1 245 18.2 7 7 22 3y 5 Has been very apathetic 
30 hours and weak since opera- 
postop tion and steadily grow- 
erative ing more so; died while 


blood was being drawn 


_ Necropsy: General postmortem examination entirely negative. No accessory suprarenal 
tissue found. No uleeration of the gastric or duodenal mucosa. 
Died thirty hours after bilateral suprarenalectomy. 


Protocot 11.—Dog 16. Female, weighed 7.1 kg. 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
— 
Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood 
— per Blood — Blood 
Date Free Fster Total Cent. Urea Free Ester Total Urea Remarks 
2/4/24 acne .... Dog put on constant diet 
2/5/24 176 272 20.1 16 waite ..«. Lively; condition good; 
appetite good 
2/6 24 177 91 68 ws Lively; condition good; 
appetite good 
2/7/24 179 268 19.2 14 ; .... Lively; condition good; 
appetite goo 
2/8/24 180 ad 72 19.2 dens .... Lively: condition good; 
appetite good 
Preoperative 
average 178 270 19.6 15 ase anne 
2/9/24 wis aves .... Operation: bilateral 
suprarenalectomy at 
9:30 a.m. 
2/9/24 175 91 266, 18.1 ete “4 7 21 .... Weak and apathetic; did 
6 hours not respond to calling 
postop- 
erative 
2/9/24 171 mi 272 96 6 —7 9 2 21 Weakness and apathy 
12 hours more marked; raises 
postop- head when called but 
erative would not walk 


Necropsy: General postmortem examination negative except for some small areas of ques- 
tionable pneumonia in the bases of the lungs and some very unusually large lymph nodes 
(mesenteric) in the region of the appendix. No accessory suprarenal tissue found. No 
uleeration of the gastric or duodenal mucosa. Not pregnant. Sections made of lung, liver 
and mesenteric lymph node show no pathologie changes. 

Died eighteen hours after bilateral suprarenalectomy. 
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Proroco, 12.—Dog 45. 


kg. 


Female, weighed 5.6 


Change from Preoperative 
Average Calculated in 
Actual Readings Relation to Blood Solids 


Mg. Cholesterol Blood 
per 100 C.c. Blood Solids, 
— 


Mg. Cholestero! 
per 100 C.c. Blood 


——— per Blood Blood 

Date Free Ester Total Cent. Urea Free Ester Total Urea Remarks 

1/15/24 Dog put on constant diet 

1/19/24 143 49 192 21.0 23 Lively and active; appe- 
tite excellent 

1/21/24 125 57 182 20.7 16 Lively and active; appe- 
tite excellent 

1/22/24 127 51 178 20.4 Lively and active; appe- 
lite excellent 

Preoperative 

average 132 52 184 20.7 19 

1/23/24 Operation: bilateral 
suprarenalectomy at 
2 p.m. 

1/24/24 199 55 245 21.8 17 | 0 51 1 Apathetic but not mark- 

18 hours edly weak; could walk 

postop- short distances 

erative 

1/24/24 183 45 231 71.5 49 46 6 40 31. =Apathetie and much 

30 hours weaker; struggled while 

postop- being bled; died about 

erative five hours after this 


phlebotomy 
Necropsy: General postmortem examination negative except for a very early pregnancy. 
Each ovary showed from three to four fairly large corpora luteum. No accessory supra- 
renal tissue found. No ulceration of the gastric or duodenal mucosa. Sections made from 
the uterine horns showed an early pregnancy. 
Died thirty-six hours postoperative. 


~ 


Protocot 13.—Dog 46. Female, weighed 11.0 kg. 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 


$$$ ~ 
Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood A 
per Blood Blood 
Date Free Ester Total Cent. Urea Free Ester Total Urea Remarks 
1/28/24 eee eee eee cose ee Dog put on constant diet 
1/30/24 145 69 214 20.7 10 Lively; taking diet well 
1/31/24 150 77 227 20.1 10 Lively; taking diet well 
2/ 1/24 148 71 219 20.2 on Lively; taking diet well 
Preoperative 
average 148 72 dala 20.3 10 
2/ 1/24 Operation: bilateral) 
suprarenalectomy 
10 hours 157 S86 243 20.3 31 9 14 23 21 Apathetie and weak; 
postop- walked a few steps when 
erative called and then sank to 
the floor; died about six 
hours after this phle- 
botomy 
Necropsy: General postmortem examination negative. No accessory suprarenal tissue 
found. No ulceration of the gastric or duodenal mucosa. Not pregnant. 
Died sixteen hours postoperative. 
Unilateral suprarenalectomies were performed in three dogs. Dog 


30 died three days after operation from a rather extensive pneumonia. 
Although it has been reported that pneumonia and the acute infections 


cause a lowering of the blood cholesterol,® ** ** 


this dog showed a 


22. Weltman, O.: Ueber das doppeltbrechende Lipoid der Nebenniere, Beitr. 
z. path Anat. u. z. allg. Path. 56:278-324, 1913. 
23. Denis, W.: Blood Cholesterol under Pathological Conditions, J. Biol 


Chem. 29:93-110 (Feb.) 1917. 


bt: 
55 
> 
3 
— 
~ 
he 
— 
a 
ta 
= 


856 ARCHIVES OF INTERNAL MEDICINE 


definite rise. This increase was evenly divided between the free and 
combined cholesterol ( Protocol 14). 


> 


Protocot 14.—Dog 30. Female, weighed 7.0 kg 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood 
——~ per Blood — Blood 
Date Free Ester Total Cent. Urea Free Ester Total Urea Remarks 
11/18/2: es cove Dog put on constant diet 
11/21 2 lire 79 Isl 14.2 21 Sate .... Aetive; appetite good; 
condition good 
11/22/23 108 79 182 14.6 26 ov .... Active; appetite good; 
condition good 
11/23/23 14 ad 186 14.9 .... Active; appetite good; 
condition good 
11, 25/23 ‘ ‘ see aa Quieter than usual; appe 


tite good; weight, 6.7 
kg.; moderate discharge 


Preoperative from eyes and nose 

average 103 185 14.6 

11 26/23 wems ae Operation: left supra- 
renalectomy at 3 p.m. 

11/27/23 123 | 217 15.9 16 11 7 Is —l0 Not fed today; drowsy 

24 hours and apathetic but re 

postop- sponded quickly when 

erative called; has a cold; eye= 
and nose running pro 
fusely 

11/28/23 124 110 225 14.2 41 “4 3 47 18 Very drowsy; marked 

48 hours purulent discharge from 

postop- nose and eyes; appetite 

erative very poor 


nothing since operation: 
drowsy and very weak: 
eyes and nose still run- 
ning profusely; dis- 
charge is purulent; died 
in the afternoon about 
72 hours postoperative 


Necropsy: Lungs showed an extensive pneumonia throughout the right lower and middle 
lobes. Heart normal. Gastro-intestinal tract normal. Genito-urinary organs negative. 
Right suprarenal did not appear abnormal. 

Died seventy-two hours after a unilateral suprarenalectomy from pneumonia. 

The other two dogs (1 and 14) showed very definite elevations of 
the blood cholesterol following the removal of one suprarenal. In 
these two experiments the blood was examined at first every day, then 
every third day, and finally once a week for periods of ten and ten and 
one-half weeks, respectively. In neither case did the blood cholesterol 
return to normal but remained well elevated during the entire period, 
although the highest figure was reached in both cases at about the 
second week postoperatively. After the removal of the remaining supra- 
renal both animals showed a tendency to a still further increase over the 
last reading following the unilateral suprarenalectomy. In both dogs 
the increase in the free cholesterol was more marked than that of the 
esters. There was no definite increase in the blood urea in either case. 
The blood solids showed a tendency to decrease. The duration of life 
following the removal of the second suprarenal was twenty-two and 
eighteen hours, respectively (Protocols 15 and 16). 
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Protoco. 15.—Dog 1. Female, weighed 5.1 ka. 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood 
- per Blood - — Blood 
Date Free Ester Total Cent. Urea Ester Total Urea Remarks 
12/ 2/23 106 75 181 20.2 19 kei wie tien -... Lively and active; appe- 
tite excellent 
12/ 3/23 110 61 171 20.5 13 Lively and active; appe- 
tite excellent 
12/ 4/23 124 61 185 19.9 .... Lively and active: appe- 


tite excellent 
Preoperative 
average 113 66 179 20.3 16 
12/ 5/23 oa Operation: right supra- 
renalactomy 


12/ 6/23 131 79 210 19.8 17 21 15 36 1 Active; responds to call: 
condition good: not fed 

12/ 7/23 122 73 195 18.5 mn 19 13 32 — Active: condition excel- 
lent; appetite excellent 

12/ 8/23 136 sy 225 18.0 12 36 30 % —2 Active: appetite and con- 
dition excellent 

12/10/23 144 83 227 17.1 14 40 27 76 0 Active; appetite and con- 
dition excellent; weight, 
4.8 ke. 

12/13/23 148 a) 243 18.5 13 45 35 sO —2 Active; appetite and con- 
dition excellent 

12/16/23 164 255 19.1 29 SO Active; appetite and con- 
dition excellent; weight, 
4.5 kg. 

12/19/23 155 74 229 19.2 20 45 |b PD 5 Active: appetite and con- 
dition excellent 

12/22/23 157 79 236 19.3 l4 ) 16 66 —1 Aetive: appetite and con- 
dition excellent 

12/26/23 143 S38 231 19.4 a 35 25 ® .. Aetive; appetite and con- 
dition excellent; weight, 
4.5 ke. 

ss 243 18.9 26 76 —2 Active; appetite and con- 
dition excellent 
150 81 240 19.0 et 53 19 72 .. Active; appetite and con 

dition excellent 

1/ 8/24 144 77 221 19.1 » 37 15 52 5 Active; appetite and con- 
dition excellent 

1/15/24 136 8 221 19.8 21 %6 21 47 5 Active; appetite and con- 
dition excellent 

1/22/24 137 80 217 20.0 13 26 15 41 —3 Active; appetite and con- 
dition excellent 

1/29/24 144 72 216 19.4 16 36 9 45 1 Active; appetite and con- 
dition excellent 

2/ 5/24 135 7 212 19.6 ve 26 13 39 ae Active; appetite and con- 
dition excellent 

2/12/24 141 69 210 19.6 - 32 5 37 -.. Aetive; appetite and con- 


dition excellent 
Average increase in 10 weeks following 


unilateral suprarenalectomy... 3 19 57 

13/24 eee Operation: left  supra- 
renalectomy. Moderate 
hypertrophy of gland 

6hours 139 O4 208 17.8 16 40 6 45 2 Moderate weakness: re- 

postop- sponds to call; can walk 

erative 

12hours 133 68 201 18.5 18 30 5 38 3 Moderate weakness. re- 

postop- sponds to call; walking 

erative 

22 hours 147 70 217 18.6 44 53 — Walking and responded 

postop- to calling; died immedi- 

erative ately after phlebotomy 
although the dog’s con- 
dition before this pro- 
eedure seemed to be 
fairly good: no strug- 
gling during the bleeding 


Necropsy: General postmortem examination entirely negative. No accessory suprarenal 
tissue found. No gastric or duodenal ulcers. Not pregnant. 
Died twenty-two hours after removal of the second suprarenal gland. 
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Protoco, 16.—Dog 14. Female, weighed 48 kg. 


Change from Preoperative 
Average Calculated in 
Actual Readings Relation to Blood Solids 
A 


Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood 
per Blood Blood 
Date Free Ester Total Cent. Urea Free Ester Total Urea Remarks 

11/18/23 eee ons ee .... Dog put on constant diet 

11/20/23 114 65 179 21.3 15 a hus eunr .... Lively; appetite and con- 
dition excellent 

11/23/23 101 69 170 22.2 29 uewe és , .... Lively; appetite and con- 
dition excellent 

11/28/23 102 72 174 20.3 19 sae Kes : .... Lively; appetite and con- 
dition excellent; weight, 
4.6 kg. 

Preoperative 

average 106 69 175 21.3 21 wane vee owes ose 

renalectomy 

12/ 1/23 125 73 198 20.7 - 22 6 28 .. Pairly lively: condition 
good; not fed today 

12/ 2/23 153 738 231 19.7 12 55 “4 69 —7 Lively; appetite and con- 
dition excellent 

12/ 3/23 133 65 198 17.7 l4 45 7 52 —3 Lively; appetite and con- 
dition exvellent 

12/ 5/23 137 73 210 18.9 * 43 12 5S Liveiy; appetite and con- 
dition excellent 

12/ 7/2% 14 sé 240 18.5 20 62 26 SS 2 Lively; appetite and con- 
dition excellent 

12/10/23 145 86 23 18.4 19 53 27 » 1 Lively; appetite and con- 
dition excellent; weight, 
4.1 kg. 

12/13/23 144 SS 229 18.4 10 52 26 78 —8 Lively; appetite and con- 
dition excellent 

12/16/23 164 91 255 19.7 ; % 27 93 .. Lively; appetite and con- 
dition excellent; weight, 
4.0 kg. 

12/19/23 146 5 231 19.5 19 49 2 71 ” Lively; appetite and con- 
dition excellent 

12/22/23 137 us 233 19.5 19 40 33 73 ® Lively; appetite and con- 
dition excellent 

12/26/23 120 73 1y3 18.8 16 27 12 39 3 Lively; appetite and con- 
dition excellent 

12/29/23 152 91 243 18.8 23 59 wi “Y 4 Lively; appetite and con- 
dition excellent 

1/ 2/24 161 “4 245 19.6 oa 4 21 85 .... Lively; appetite and con- 
dition excellent 

1/ 8/24 133 ” 225 18.9 13 39 31 70 — Lively; appetite and con- 
dition excellent 

1/15/24 134 87 221 19.3 15 38 25 63 4 Lively; appetite and con- 
dition excellent 

1/22/24 138 85 223 20.0 19 39 20 59 —1 Lively; appetite and con- 
dition excellent 

1/29/24 1 73 223 19.0 12 55 12 67 —7 Lively; appetite and con- 
dition excellent 

2/ 5/24 10 87 227 19.2 os 44 25 69 .... Lively;appetite and con- 
dition excellent 

2/12/24 133 2 25 186 .. 41 32 73 .... Lively; appetite and con- 


dition excellent 
Average increase in 10% weeks following 
unilateral suprarenalectomy............. 46.5 21.5 68 —3 
2/12/24 ese oe -... Operation: left supra- 
renalectomy; moderate 
hypertrophy of gland 


Shours 1% 245 18.3 oe 45 95 .... Moderate weakness; re- 
postop- sponds to calling; walks 
erative slightly 
hours 154 73 229 21.3 18 w 4 “4 —3 Marked weakness and 
postop- apathy; does not re- 
erative spond or walk; died 


almost immediately after 
the phlebotomy 


Necropsy: Genera] postmortem examination entirely negative. No accessory suprarenal 
tissue found. No gastric or duodenal uleer. Not pregnant. 
Died eighteen hours after removal of the second suprarenal] gland. 
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Horiuchi ** and Boggs and Morris have described a lipemia in 
rabbits, produced by continued frequently repeated bleedings. Bloor *° 
found that this condition was readily produced in rabbits but not in 
dogs. In order to observe the effects of the repeated small bleedings, 
such as were necessary in our experiments, and a prolonged Cowgill diet, 
Dog 6 was used as a control. This animal was kept on a constant diet 
for a month and during this time the usual small bleedings were made 


Protoco. 17——Dog 6. Male, weighed 5.7 kg. 


Change from Preoperative 
Average Calculated in 


Actual Readings Relation to Blood Solids 
Mg. Cholesterol Blood Mg. Cholesterol 
per 100 C.c. Blood Solids, per 100 C.c. Blood 
per Blood 
Date Free Ester Total Cent. Urea Free Ester Total Remarks 

1/10/24 one ees ene os ..«» Dog put on constant diet 

1/11/24 132 63 1% 21.8 11 eyes hina .... Lively; taking diet well 

1/13/24 134 BS 189 21.0 .... Lively; taking diet well 

1/16/24 138 44 182 20.3 Pa ee ease .... Lively; appetite fair 

1/19/24 134 51 185 19.9 - Sie ones .... Lively; appetite excellent 

1/21/24 136 55 191 19.4 14 ane nai .... Lively: appetite and condition 
excellent 

1/25/24 132 51 183 19.4 as anes cee .... Lively; appetite and condition 
excellent 

1/28/24 126 46 172 19.2 - este bit .... Lively; appetite and condition 
excellent 

1/30/24 127 51 178 19.2 12 —_ a .... Lively; appetite good; weight, 
5.3 kg. 

2/ 1/24 128 46 174 19.1 we eons ee .... Lively; appetite good; condition 
good 

2/ 4/24 133 41 174 19.2 an soit — .... Lively; appetite poor; condition 
fair but a marked diarrhea is 
present 

2/ 8/24 132 6 18 19.3 pas wa puis .... Appetite poor; diarrhea more 


marked; still very active and 
lively, and general condition 
appears to be fairly good 


2/11/24 131 39 170 21.4 Pe min woos .... Appetite poor; diarrhea about 
the same; general condition 
poor 

Preoperative 
average 132 49 181 19.9 12 

2/11/24 Operation: bilateral suprarenal- 
ectomy at 2 p.m. 

2/11/24 132 39 171 21.8 - —13 —15 —28 Weak and somewhat apathetic; 
6 hours ean walk only a few steps at 
postop- a time; diarrhea very marked; 
erative stools slightly blood-streaked 

2/11/24 139 44 183 21.8 ae 6 —l1 —16 Very weak, semicomatose; died 
10 hours about one half hour after the 
postop- phlebotomy 
erative 


Necropsy: General postmortem examination negative except for intestinal mucosa which 
showed very marked degree of congestion and edema from just beyond the pylorus down to 
the sigmoid. No ulceration present. Mesenteric lymph nodes near the appendix were 
markedly enlarged. Stomach appeared normal. No accessory suprarenal tissue found. 

Died about ten and one-half hours after bilateral suprarenalectomy. 


24. Horiuchi, Y.: Studies on Blood Fat. I. Variations of the Blood Fat 
Constitutents of Rabbits under Normal Conditions, J. Biol. Chem. 44:345-361 
(Nov.) 1920; Studies on Blood Fat. II. Lipemia in Acute Anemia, J. Biol. 
Chem. 44:363-379 (Nov.) 1920. 

25. Boggs, T. R., and Morris, R. S.: Experimental Lipemia in Rabbits, 
J. Exper. Med. 11:553-560, 1909. 

26. Bloor, W. R.: Blood Phosphates in the Lipemia Produced by Acute 
Experimental Anemia in Rabbits, J. Biol. Chem. 45:171-187 (Dec.) 1920. 
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from the jugular vein every second or third day. For the first three 
weeks of the experiment the dog was in excellent condition, and the 
blood cholesterol showed very little variation from day to day except a 
tendency toward a slight drop together with the blood solids. 

At about this time, however, the dog developed anorexia and a 
rather severe diarrhea. As the diarrhea became more marked it was 
decided to perform a bilateral suprarenalectomy although the dog's 
general condition was poor. The animal stood the operation badly and 
died about ten hours later. During this short period the diarrhea was 
extremely marked and the stools were blood streaked. In this case a 
definite drop in the blood cholesterol was noted following the bilateral 
suprarenalectomy, but it should be considered that the dog was quite 
sick and abnormal at the time of operation. Luden * has reported that 
a drop occurs in the blood cholesterol following an attack of diarrhea 
(Protocol 17). 


THE EFFECT OF EPINEPHRIN ON THE BLOOD CHOLESTEROL 


The effect of epinephrin on the cholesterol content of the blood was 
studied in three dogs. Readings were made just before the injection of 
the drug and at intervals varying from fifteen minutes to an hour and 
a half after its injection. In Dogs 40 and 41 the injection was given 
intravenously and in Dog 42 it was given subcutaneously. In none of 
the animals was there any definite change noted in either the blood 
cholesterol or the hemoglobin ( Protocols 18, 19 and 20). 


Protoco, 18.—Dog 40. Female, weighed 13.8 kg. 
Two cubic centimeters of epinephrin (1: 1000) was injected intravenously 
immediately after the first blood specimen was obtained. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Before injection of epinephrin.............. 161 114 
15 minutes after injection of epinephrin ... 153 119 
45 minutes after injection of epinephrin ... 154 117 
75 minutes after injection of epinephrin ... 162 114 


Protoco. 19.—Dog 41. Male, weighed 13 kg. 
Two cubic centimeters of epinephrin (1: 1000) was injected intravenously 
after the first blood specimen was obtained. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Before injection of epinephrin.............. 157 117 
30 minutes after injection of epinephrin ... 156 121 


60 minutes after injection of epinephrin ... 154 119 
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Protocot 20.—Dog 42. Male, weighed 15 kg. 
Two cubic centimeters of epinephrin (1: 1000 was injected subcutaneously 
after the first blood specimen was obtained. 


Meg. Choles- Hemoglobin 
terol per 100 Per Cent. 
C.c. Blood 


Before injection of epinephrin............. 177 105 
30 minutes after injection of epinephrin ... 174 108 
60 minutes after injection of epinephrin ... 173 110 
90 minutes after injection of epinephrin ... 178 108 


THE EFFECT OF SUPRARENAL EXTRACT ON THE BLOOD CHOLESTEROL 


I°xtracts of fresh pigs’ suprarenal glands were made following, more 
or less, the method of extraction described by Collip for the preparation 
of insulin.2* The various extracts were injected intravenously into five 
dogs. In none of these dogs was there any definite change noted in the 
cholesterol content of the blood or the hemoglobin. The extracts were 
apparently very toxic causing marked symptoms and death in four of the 
dogs. This was probably due to the cholin which is present in suprarenal 
extracts 78 (Protocols 21, 22, 23, 24 and 25). 


Protoco, 21—Dog 49. Male, weighed 9.0 kg. 


300 gm. of pig’s suprarenal were extracted in the following way: 

1. Thoroughly minced and mixed with an equal volume of 95 per cent 
alcohol and allowed to stand from 4 to 5 hours with frequent stirring. 

2. Filtered through gauze and squeezed out and then filtered clear through 
filter paper. 

3. Two volumes of 95 per cent. alcohol added to the filtrate and allowed to 
stand over night to allow for precipitation of the proteins. 

4. Filtered and the filtrate evaporated to a very small volume with a current 
of air. 

5. Made up to an aqueous solution with 200 c.c. of distilled water. 

6. Washed twice in a separatory funnel with ether until test showed it to 
be cholesterol free. Oxygen bubbled through extract for thirty minutes in order 
to decompose the epinephrin. 

Twenty cubic centimeters (equivalent of 30 gm. of suprarenal) of this 
extract was injected intravenously into a dog aiter having drawn the first 
blood sample. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Before injection of extract............... 210 120 
¥% hour after injection of extract............ 203 116 
1% hour after injection of extract.......... 201 116 
2 hours after injection of extract......... 203 112 


27. Allen, F. M.: Summary on Publications on Insulin, J. Metabolic Res. 
2:125-140, 1922. 

28. Biedl, A.: Innere Sekretion, Urban u. Schwartzenberg, Berlin, 1910, 
pp. 254-257. 
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Almost immediately after the extract was injected, there was a period of 
apnea and dog went into a semicomatose condition which lasted for about 
three hours when the animal died. During this time respirations were shallow 
and rapid. Mucous membranes were definitely cyanotic. Profuse nasal secretion. 

Necropsy: The heart showed subpericardial, myocardial, and subendothelial 
hemorrhages. The lungs were essentially normal. Esophagus normal. Aorta 
normal. Stomach showed severe hemorrhages into the mucous membranes and 
large clots in its cavity. There were marked submucous hemorrhages into 
the rest of the gastro-intestinal tract down to the rectum except for about 4 
inches on either side of the ileocecal junction. Spleen: markedly enlarged; 
weight: 80 gm. bluish purple in color and on section was markedly hemor- 
rhagic. Liver: usual size but had definite hemorrhages into it. Kidneys: 
Markedly congested but not hemorrhages. Bladder normal. Brain:  sub- 
arachnoid and subpial hemorrhages. Suprarenals normal. 


Protoco. 22.—Dog 50. Male, weighed 7.0 kg. 


The extract described under Dog 40 (Protocol 21) was purified according 
to Collip’s insulin method in the following way: 

The watery extract was evaporated to a very small volume by means of 
a current of air. To this was added 80 per cent. alcohol and then the solution 
centrifugated for one-half hour at a high speed. No four layers, as described 
by Collip, developed. However, the entire clear solution was delivered into 
several volumes of 95 per cent. alcohol and precipitation allowed to take place 
over night. The filtrate was then evaporated to dryness by means of a current 
of air and the residue taken up with 100 c.c. of distilled water. The precipitate 
was taken up with 10 c.c. of distilled water. 

The 10 c.c. of distilled water containing the before mentioned precipitate 
was injected intravenously after withdrawing the first blood sample. The dog’s 
respirations immediately became very slow and shallow; pulse became irregular, 
rate 80. The dog became very drowsy and remained so for several hours. 
However, the pulse and respirations returned to normal in about twenty minutes. 
The dog seemed to have completely recovered in about four hours. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Before injection of extract...............+.. 207 148 
4 hour after injection of extract .......... 201 140 
1% hour after injection of extract........ 197 134 
21 


1ours after injection of extract......... 193 138 


Protocor 23.—Dog 51. Male, weighed 10 kg. 


This dog received 15 c.c. of the extract (equivalent to about 45 gm. of 
suprarenal) obtained from the before described filtrate (Protocol 22) intra- 
venously. It was followed by irregular, shallow respirations for only a short 
period, and a rapid pulse. The mucous membranes became somewhat cyanotic, 
the pupils very much dilated. Dog was somewhat drowsy and nonresponsive 
but this seemed to clear up after several hours. However, the dog was found 
dead the next morning. No necropsy was performed. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Sefore injection of extract................. 291 120 
Y% hour after injection of extract......... 288 124 
14 hour after injection of extract.......... 294 124 


Protoco, 24.—Dog 52. Female, weighed 13 kg. 
Twenty cubic centimeters of the same filtrate as that used for Dog 51 
(Protocol 23) was boiled for about fifteen minutes. This was then cooled and 
injected intravenously into the dog. Before injection, the dog’s pulse was 120, 
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respirations 16. A few minutes after injection the respirations became rapid 
and shallow for about one minute and then very deep and slow (from 2 to 3 
per minute). The pulse became so rapid that it could not be counted. Dog 
evidently lost consciousness; pupils were widely dilated and the membranes 
definitely cyanotic. After about five minutes the pulse went from 100 to 
110 and the respirations reached about 10 or 12 and remained so until death 
which took place thirty minutes after the injection. During this entire period 
the dog remained semicomatose and about five minutes before death respira- 
tion became very labored and irregular and bloody, frothy fluid escaped from 
the nostril in large quantities. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Before injection of extract................. 207 2 
Y4 hour after injection of extract............ 201 120 


Necropsy: Muscles very dark red in color. Heart also dark, numerous 
subpericardial hemorrhages present and also a few intracardial and subendo- 
cardial hemorrhages present. Trachea was filled with very frothy, slightly 
blood tinged fluid. The lungs showed a definite edema to be present and were 
markedly congested. The stomach was full of food and only very slight sub- 
mucosal hemorrhages were present. The small and large intestines showed 
a moderate degree of submucosal hemorrhages. The uterus and tubes were 
normal; suprarenals normal. Kidneys markedly cyanotic with a congested 
cortex and a rather pale medulla. No hemorrhages. Bladder normal. Liver 
congested and dark. Spleen only slightly congested. 


Protoco. 25.—Dog 58. Male, weighed 14 kg. 


One hundred and twenty grams of pigs’ suprarenal glands were thoroughly 
minced. An equal volume of 95 per cent. alcohol was added and the mixture 
allowed to stand for several hours with frequent stirring. Filtered and then 
the filtrate was evaporated to almost dryness with a current of air. This was 
then taken up in 60 c.c. of distilled water and filtered again. 

Fifteen cubic centimeters of this filtrate (equivalent of 30 gm. of suprarenal) 
was injected intravenously into the dog after the first blood specimen had been 
obtained. This caused no apparent change in the dog’s general condition 
during the hour and a half that he was observed after the injection of the 
extract but he was found dead in his cage the next morning. Unfortunately, 
the animal was thrown out by mistake and therefore no necropsy was done. 


Mg. Choles- Hemoglobin 
terol per 100 Per Cent. 


C.c. Blood 
Before injection of the extract............. 195 120 
¥% hour after injection of the extract....... 191 118 
1 hour after injection of the extract......... 192 120 
1¥% hour after injection of the extract...... 198 117 


COMMENT 


In our experiments, an increase in the blood cholesterol was noted in 
every case after removal of one or one and a half suprarenals, but 
removal of the remaining suprarenal did not consistently raise the blood 
cholesterol still further. Of the nine uncomplicated bilateral supra- 
renalectomies (Dog 6 excluded) done in one stage, a very definite eleva- 
tion of the blood cholesterol was noted in six of the experiments, slight 
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elevations of 10 per cent. or less in two, and practically no change in one. 
These findings agree more or less with those reported by Rothschild * but 
are unlike those of Grigaut,® who found a hypercholesterinemia after 
unilateral but not after bilateral suprarenalectomies, and those of 
Baumann and Holly * who report no change in the blood cholesterol of 
rabbits after either a unilateral or bilateral suprarenalectomy. Neither 
did we observe “the latent period” which Grigaut describes following 
unilateral suprarenalectomy but instead found an almost immediate rise 
in the blood cholesterol in practically every case. No constant curve of 
the hypercholesterinemia following suprarenalectomy could be plotted, 
as the highest figures were obtained at varying intervals postoperatively. 
However, in the two unilateral suprarenalectomy experiments which 
were followed for long periods the most marked hypercholesterinemia 
was observed at about two weeks after the operation. 

The ratio between the increase in the free and combined cholesterol 
was not constant but the rise was usually more marked in the case of 
the free cholesterol. This is consistent with the fact that normally there 
is about twice as much free cholesterol as cholesterol-ester present in 
whole blood.** 

From these results it is not possible to draw any definite conclusions 
as to the exact role of the suprarenal in cholesterol metabolism, although 
it seems quite certain that some relationship does exist between the two. 
The hypercholesterinemia which occurs after a complete extirpation of 
the suprarenal glands is strongly against the theory of the French 
investigators that this organ secretes cholesterol. The German idea that 
tne suprarenals act as a storehouse for cholesterol also seems improbable 
because of their small size in relation to the rest of the body. Their 
cholesterol content, though proportionally high for their weight, can 
represent but a small amount of all the cholesterol present in the entire 
organism, 

It may be possible that the internal secretion of the suprarenal has 
some effect on the blood cholesterol similar to that of the pancreas on 
the blood sugar. Alessandri* reports increases of over 10 per cent. 
within a half hour in six out of ten patients in whom he injected 
epinephrin subcutaneously or intravenously. In our experiments on 
dogs, we observed no change in the blood cholesterol as a result of the 
injection of this drug either subcutaneously or intravenously (Protocols 
18, 19 and 20). Neither could we influence the cholesterol content of 
the blood by the injections of large doses of extracts of pigs’ fresh 
suprarenal glands (Protocols 21, 22, 23, 24 and 25). It is possible, 


29. Bloor, W. R., and Knudson, A.: Cholesterol and Cholesterol-Esters 
in the Human Blood, J. Biol. Chem. 29:7-13 (Feb.) 1917. 

30. Alessandri, C.: Cholesterin Content of the Blood, Riforma med. $7: 
1095-1099 (Nov.) 1921. 
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however, that the method of extraction which we used (Collip’s insulin 
method) is not adapted to bring out the active principle which we were 
trying to obtain. 

The blood sugar showed no constant variation in these experiments 
but it usually dropped after operation. Our studies of the changes of 
the blood urea or nonprotein nitrogen following complete extirpation of 
the suprarenals revealed a marked increase in these substances in a 
large majority of the experiments. This phenomenon has been pre- 
viously studied by Marshall and Davis.*' They found that there was a 
decreased nitrogen excretion in the urine which was accounted for by 
nitrogen retention, and therefore, probably no marked change occurred 
in the protein catabolism. This definite lowering of kidney efficiency 
occurred with a normal blood pressure and while the animals were still 
in good general condition. Histologically, the kidneys showed no 
changes. The authors suggest that the suprarenals may secrete some 
substance necessary for the maintenance of normal kidney function. 

The blood solids were, as a general rule, increased in our animals 
immediately after operation but this was not so in all of the experiments. 
The increases which we did find were not as marked as those reported 
by Donath.** 

Although several investigators have reported ulceration occurring in 
the gastric mucosa quite constantly after bilateral suprarenalectomy,°* 


none was observed in any of our dogs. 


SUMMARY 


The blood cholesterol, blood urea or nonprotein nitrogen, blood sugar 
and blood concentration were studied before and after operation in dogs 
which were kept on a carefully calculated constant diet. A majority of 
the animals that had a bilateral suprarenalectomy done in one stage 
showed a hypercholesterinemia following the operation. Removal of 
one or one and a half suprarenals caused an increase in the blood 
cholesterol in every instance. No consistent findings were observed in 

31. Marshall, E. K., and Davis, D. M.: The Influence of the Adrenals on 
the Kidneys, J. Pharmacol. & Exper. Therap. 8:525-550, 1916. 

32. Gibelli, C. (cited by Mann): La funzione delle capsule surrenali in 
rapporto col processo di riparazione delle fratture e coll’ eziologia dell’ ulcera 
gastrica, Pathologica 1:131, 1909. Finzi, O.: Ueber Veranderungen der Magen- 
schleimhaut bei Tieren nach Nebenneirenextirpation und iiber experimentell 
erzeugte Magenschwiire, Virchows Arch. f. path. Anat. 224:413-432, 1913 
Friedman, G. A.: The Production of Gastric Lesions and Ulcers in Rabbits 
by Extirpation of the Adrenals, Proc. Soc. Exper. Biol. and Med. 11:169-171, 
1914; The Influence of Removal of the Adrenals and One-sided Thyroidectomy 
Upon the Gastric and Duodenal Mucosa; the Experimental Production of 
Lesions, Erosions and Acute Ulcers, J. M. Res. 32:287-307, 1915. Mann, F. C.: 
Gastric Ulcer Following Excision of Adrenals, J. Exper. Med. 23:203-208 
(Feb.) 1916; ibid., 24:329-332 (Oct.) 1916. 
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the blood sugar determinations. In a large majority of the animals, 
bilateral suprarenalectomy resulted in a definite rise in the blood urea 
or nonprotein nitrogen. The blood concentration was usually increased 
after operation. Injections of epinephrin or extracts of pigs’ fresh 
suprarenal glands did not influence the blood cholesterol. 
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THE TREATMENT OF PNEUMONIAS IN 
CHILDREN 


A REPORT TO DATE ON OUR EXPERIMENTAL AND CLINICAL 
RESULTS, USING THE BLOOD AND SERUM OF 
CHICKENS * 


HARRY CALVIN BERGER, M.D. 
AND 
JAMES G. MONTGOMERY, M.D. 


KANSAS CITY, MO. 


In a previous communication,' we took up in detail the theory of 
using the blood or blood serum of fowls in the treatment of pneumonia 
in children. 

It is the object of this paper to present the results of our work, 
both with laboratory animals, and with children in whom pneumonia 
was treated with the blood or serum of fowls, mostly chickens. 

After the first season’s work (from 1921 to 1922), a study of the 
literature was made, and the work of Bull and McKee,’ and that of 
Keyes * was found. 

We attempted to repeat the experiments of Bull and McKee, but 
our results were much less striking than were theirs, possibly because 
we allowed our serum to age too much; it was suggested that in this 
mode of procedure much of the antibody in the serum was perhaps 
destroyed by the host before the pneumococcus was injected. We, 
therefore, started another group of experiments, reversing the order, 
that is, making the pneumococcic injection first and following this with 
varying doses and at varying intervals with the chicken serum. These 
results were then checked with other groups where, instead of chicken 
serum, were employed fresh human blood serum, aged human blood 
serum, the serum from chickens that had been given injections of viru- 
lent pneumococcus culture intraperitoneally (with a proved agglutinat- 
ing power), pneusolin * and commercial antipneumococcic serum. 


* Read before the Kansas City Academy of Medicine, April 4, 1924. 
*From the wards of the Childrens’ Mercy Hospital, and the laboratories 
of the Kansas City General Hospital. 

1. Berger, H. C., and Montgomery, J. G.: The Use of Chicken Blood in 
the Treatment of Pneumonias in Children. A Preliminary Report, J. Missouri 
State M. A. 20:81 (March) 1923. 

2. Bull, C. G., and McKee, C. M.: Antipneumococcus Protective Sub- 
stances in Normal Chicken Serum, Am. J. Hygiene 1: (May) 1921. 

3. Keyes, P.: The Natural Resistance of the Pigeon to the Pneumococcus, 
J. Infect. Dis. 18:277, 1916; Production of Antibodies to Pneumococci in an 
Insusceptible Host, J. A. M. A. 56:1878 (June 24) 1911. 

4. Pneusolin, according to the statement of the manufacturing laboratory 
(H. K. Mulford Company), is “an aqueous solution of active immune bodies 
extracted from antipneumococcus serum, Types 1, 2 and 3 combined. It is 
polyvalent and is practically free from horse serum protein.” 
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In our clinical work, we were at first forced to use the whole blood 
of the chicken, as stated in our preliminary report. After we were 
able to procure serum we used it exclusively, abandoning the use of the 
whole blood because the serum was safer, easier to administer, always 
available, more comfortable to the patient, and could be administered in 
larger dosage and intravenously, whereas the whole blood was always 
given intramuscularly or hypodermically. Even with the greatest care 
we had some abscesses resulting from the injections of the blood, 
partially, we think, due to pressure, owing to the rapidity with which it 
had to be given. 


TABLE 1. ~Agglutination Power of Serum, Type 1 


No. Serum 1-1 1-2 


13 14 15 16 21-7 #18 = 1-9 1-10 1-11 1-12 1-13 1-14 1-15 
1 Sepening. ‘ i+ 4+ 4+ 44+ 44+ 4 4+ 44+ 4+ 4+ 4+ 44 44+ 4+ 4+ 
2 Anti-Pn. I 1+ 14+ 1+ + 
3 Anti-Pn Poly. + — - -_ — - -- 
4 Imm. Ch. I. -. 4+ 3+ 84+ 2+ 2+ 24+ 2 2+ 2+ 2+ + + 
6 Imm. Ch. IIl...... 2+ 2+ 2+ ~ te 


1. Agglutinating serum Type I, from N. Y. State Board of Health. 

2 and 3. Lederle’s antipneumococcus serum, Type I and polyvalent. 

45 and 6. Immune serum prepared by injecting chickens intraperitoneally with Type 1 
pneumococeus cultures. 

é One injection, bled in eight days. 

Two injections at intervals of eight days; bled in seven days after last injection. 
6 .T hree injections at intervals of eight and seven days; bled in fourteen days. 
Readians made after two hours in 37 C. water-bath followed by eight hours in icebox. 


TABLE 2.— Agglutination Power of Serum, » Type 2 


No. Serum 1-1 1-2 13 1-4 15 16 1-7 1-8 1-9 1-10 1-11 1-12 1-13 1-14 1-15 
1 Agglutinating 4+ 4+ 4 4+ 44+ 44+ 4+ 2 & = 
3 Immune Ch. I..... 4+ 3 2 2+ 2+ 2+ + + on an 
7 Aged human............ No other dilutions run 


1. Agglutinating serum (diagnostic) from N. Y. State Board of Health. 

2. Lederle’s polyvalent antipneumococcus serum (therapeutic). 

3. Immunized chicken serum prepared by injecting 15 ¢.c. of heavy pneumococeus Type II 
culture into peritoneal cavity; bled in eight days. 

4. Immunized chicken serum prepared as above but with a second injection of 2% e.c. 
in eight days; third in seven days; bled after fourteen days. 

5. Normal aged chicken serum obtained by bleeding and withdrawing serum. 

6. Mulford’s pneusolin. 

Aged human serum. 
Readings taken after two hours in 37 C. water bath and twelve hours in icebox. 


Table 1 shows the agglutinating power of the agglutinating serum 
Type 1 from the New York State Board of Health, which was 4 plus in 
dilutions up to 1:15, of antipneumococcic serum Type 1 (Lederle com- 
mercial secured on the local market), which was 1 plus in dilutions up 
to 1:3, and + in dilutions of 1:4 and 1:5; of antipneumococcic serum 
polyvalent (Lederle), which was + in dilutions up to 1:2; of the serum 
prepared by injecting chickens intraperitoneally with Type 1 pneumo- 
coccus culture and bleeding eight days later, which was 4 plus in a 
dilution of 1:1, 3 plus in a dilution of 1:2 and 1:3 and 2 plus in 
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dilutions from 1:4 up to 1:10, and plus in dilutions of 1:11 up to 
1: 15; of the serum from chickens injected as above, but having a second 
injection eight days after the first and being bled seven days after the 
last injection which was plus in dilutions of 1:1 up to 1:3; + in 
dilutions of 1:4 up to 1: 10 and minus thereafter; of a third group of 
chickens having two injections as the previous chickens, a third injection 
seven days later and bled fourteen days after the last injection which 
was 2 plus in dilutions of 1:1 up to 1:4, and plus in dilutions of 1:5 
up to 1: 10, and + in dilutions of 1:11 and 1: 12, and minus thereafter. 
The readings were made after two hours in a water bath at 37 C. 
(98.6) followed by eight hours in the icebox. 

This experiment (Table 2) was made to show the agglutinating 
power to the Type 2 pneumococcus of the diagnostic agglutinating 
serum of the New York State Board of Health, which was 4 plus in 
dilutions up to 1:7, 2 plus in dilutions of 1:8 and 1:9, and + in 


TaBLe 3.—Agglutination Power of Serum, Type 3 


No. Serum 1-1 1-2 13 1-4 15 16 1-7 1-8 1-9 1-10 1-11 1-12 1-13 1-14 1-15 
1 Ageglutinating.......... 4+ 4 4+ 44+ 44+ 4+ 4+ 4+ 4+ 4 4 4+ 44+ 4+ 4+ 
2 Anti-Pn. Poly........... 2+ 2+ : -~ + —- 
3 Imm. Chicken I..s...... 3+ 2+ 2+ 2+ - : - + - 
4 Imm. Chicken ITI....... + - ee +e - — 
5 Normal chicken......... — -— No other dilution run 
6 Pneusolin................ — — No other dilution run 
7 Aged human............ — — No other dilution run 


1. Agglutinating serum (diagnostic) from N. Y. State Board of Health. 

2. Lederle’s therapeutic serum, polyvalent. 

3. Immunized chicken serum prepared by injecting 15 ¢.c. of heavy culture of pneumococcus, 
Type III, into peritoneal cavity; bled in eight days. 

4. Immunized chicken serum prepared as above but with second injection of 20 c¢.c. in 
eight days; third injection of 10 ec. in eight days and bled after nine days. 

5. Normal aged chicken serum. 

6. Mulford’s pneusolin. 

7. Aged normal human serum. 

Readings taken after two hours in 37 C. water bath and twelve hours in icebox. 
dilutions of 1:10 up to 1:12 and negative thereafter. Lederle’s poly- 
valent antipneumococcic serum (commercial), which was 3 plus in 
dilutions of 1:1 and 1:2, 2 plus in a dilution of 1:3, plus in a dilution 
of 1:4 and negative thereafter; of the serum from a chicken injected 
intraperitoneally with 15 c.c. of a virulent Type 2 pneumococcus culture 
and bled eight days later, which was 4 plus in a dilution of 1:1, 3 plus 
in a dilution of 1:2, 2 plus in dilutions of 1:3 up to 1:6, plus in 
dilutions of 1:7 up to 1:9, + in a dilution of 1:10 and negative 
thereafter; of a chicken injected with 15 c.c. of virulent Type 2 
pneumococcus culture intraperitoneally, a second injection of 25 c.c. of 
such a culture in eight days, and an equal injection of a similar culture 
seven days later, and bled fourteen days after the last injection, which 
was 2 plus in dilutions of 1:1 and 1:2, plus in dilutions of 1:3 up to 
1:5, + in dilutions of 1:6 and 1:7 and minus thereafter, of normal 


chicken serum which showed no agglutination whatever; of pneusolin 
which showed no agglutination, of aged normal human serum which 


4 
4 
- 
= 
a 
it 
FEN 
4 | 
4 
4 


870 ARCHIVES OF INTERNAL MEDICINE 


again showed no agglutination. The readings were made after two 
hours in the water bath at 37 C. and twelve hours in the icebox. 

This experiment was made to determine the agglutinating power to 
the Type 3 pneumococcus of the diagnostic serum from the New York 
State Board of Health, which was 4 plus in dilutions up to 1:15, of 
Lederle (polyvalent) antipneumococcie serum which was 2 plus in 
dilutions of 1:1 and 1:2, plus in dilutions of 1:3 up to 1:5, + in 
dilutions of 1:6 and 1:7, and minus thereafter; of the serum from 
chickens which had been given an intraperitoneal injection of 15 c.c. of 
virulent Type 3 pneumococcus culture and bled eight days later, which 
was 3 plus in a dilution of 1:1, 2 plus in dilutions of 1:2 up to 1:4, 
plus in dilutions of 1:5 up to 1:8 and + in dilutions of 1:9 and 1:10 
and minus thereafter; of the serum from chickens injected as those 
above, but with a second injection of 20 c.c. eight days after the first, 
and a third injection of 10 c.c. eight day later, and bled nine days after 
the last injection, which was plus in dilutions of 1:1 up to 1:3, + in 
dilutions of 1:4 up to 1:6 and minus thereafter, of normal chicken 
serum which showed no agglutination; of pneusolin which showed no 
agglutination and of aged normal human serum which showed no 
agglutination. These readings were made after two hours in a water 
bath at 37 C. and twelve hours in the icebox. 

The aged normal chicken serum, the aged normal human serum and 
pneusolin were shown to have no agglutinating power in the Types 2 and 
3 pneumococcus where they were used. It was shown that agglutina- 
tion can be produced in chicken serum by intraperitoneal injections of 
living cultures of pneumococcus. From this it will be seen that the pro- 
tective substance against the pneumococcus found in normal chicken 
serum is not an agglutinin. 

This experiment was performed to show the comparative protection 
to Type 3 pneumococcus of various serums. Table 4 A is the control 
sheet. No pneumococcus was given in the first group, but one mouse 
was injected intraperitoneally with 1 c.c. of aged normal human serum, 
a second with 1 c.c. of fresh normal human serum, a third with 1 c.c. 
of Lederle commercial antipneumococcic serum (polyvalent), a fourth 
with pneusolin 1 c.c., a fifth with aged normal human serum 1 c.c., a 
sixth with 1 c.c. of the serum from chickens that had received a large 
intraperitoneal injection of live culture of pneumococcus Type 3. All 
survived. In the second group no serum was given, but one mouse was 
given 0.1 c.c. of the peritoneal washings from a mouse previously chilled 
and injected with a virulent Type 3 pneumococcus intraperitoneally. 
The virulence was increased in the usual manner by chilling the animals 
and injecting from one to another until the death of control animals 
verified a highly virulent organism and a check proved it to be free 
from contamination. This mouse lived from thirty-one to forty hours, 
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and a necropsy culture made from the peritoneal cavity yielded a pure 
Type 3 pneumococcus. A second mouse was injected with 0.001 c.c. 
and died in thirty-one to forty hours. The culture showed a pure 
Type 3 pneumococcus. <A third mouse was injected with 0.00001 c.c. 
and lived from fifty-two to sixty-four hours ; this mouse also yielded a 
pure Type 3 pneumococcus on necropsy intraperitoneal culture. A 
fourth mouse was injected intraperitoneally with 0.0000001 c.c. and 
survived. These animals constituted our control for this set of tables. 

In Table 4B is shown the protection of aged normal human serum 
to the Type 3 pneumococcus. The first mouse was given 0.1 c.c. of the 
Type 3 pneumococcic peritoneal washings, as before mentioned, and 
three hours later 1 c.c. of aged normal human serum intraperitoneally. 
This mouse lived for forty-three hours, the control animal with the same 
dosage living from thirty-one to forty hours. A pure Type 3 pneumo- 
coccus was recovered from the peritoneal cavity at necropsy. A second 
and third mouse were injected with 0.001 c.c. each of the peritoneal 
washings intraperitoneally, and three hours later were given 1 c.c. of 
aged normal human serum intraperitoneally, one living for forty-eight 
hours, the other from fifty-two to sixty-four hours, in contrast to the 
controls having the same dosage of pneumococcus, which lived from 
thirty-one to forty hours. A pure Type 3 pneumococcus was recovered 
from the peritoneal cavity at necropsy. A fourth and fifth mouse each 
received 0.00001 c.c. of the peritoneal washings and three hours later 
were given | c.c. of aged normal human serum each; both survived. A 
sixth and seventh mouse were each given 0.0000001 c.c. of the peritoneal 
washings and three hours later 1 c.c. of the aged normal human serum; 
both survived. 

The next group is an exact duplication of the group just described, 
except that fresh normal human serum was used instead of aged normal 
human serum; the mouse having 0.1 c.c. of the peritoneal washings lived 
from thirty-one to forty hours, the control animal with the same dosage 
living the same number of hours. Of the two mice receiving 0.001 c.c. 
each of the peritoneal washings, one lived for forty-eight hours, the 
other from fifty-two to sixty-four hours, the control animal living from 
thirty-one to forty hours. Of the two mice receiving 0.00001 c.c. of the 
peritoneal washings, one lived from fifty-two to sixty-four hours (which 
was the same period of life as the control animal) ; the other survived. 
The two mice that were given 0.0000001 c.c. of the peritoneal washings 
both survived, as did the control. The mice that died all gave a pure 
Type 3 pneumococcus culture from the peritoneal cavity at necropsy. 

The next group, Table 4, is again an exact repetition, except that 
Lederle’s polyvalent antipneumococcic serum replaced the human serum ; 
the mouse receiving 0.1 c.c. of the peritoneal washings lived from thirty- 
one to forty hours, as did the control; of the two mice receiving 0.001 
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c.c. one lived from thirty-one to forty hours, the other from fifty-two 
to sixty-four hours, the control living from thirty-one to forty hours; 
of the two mice receiving 0.00001 c.c., one lived for forty-seven hours, 
the other from fifty-two to sixty-four hours, the controls living from 
fifty-two to sixty-four hours; of the two mice receiving 0.0000001 c.c. 
both survived, as did the control. A pure Type 3 pneumococcus was 
recovered from the peritoneum on necropsy in all the mice that died. 

In the next group, the same plan was again followed, but pneusolin 
was used in place of the antipneumococcic serum; the mouse receiving 
0.1 c.c. of the peritoneal washings lived from thirty-one to forty hours, 
as did the control; of the two mice receiving 0.001 c.c. one lived from 
fifty-two to sixty-four hours, the other survived the control, living from 
thirty-one to forty hours; this survival we are at a loss to explain, since 
the mice with a higher dilution of the peritoneal washings than this died 
more promptly than did the control animals; of the mice receiving 
0.00001 ¢.c. of the peritoneal washings, one lived forty-two and the 
other forty-five hours, the control living from fifty-two to sixty-four 
hours. The mice receiving higher dilutions of the peritoneal washings 
than this survived, as did the controls. The mice dying all yielded a 
pure Type 3 pneumococcus from the peritoneum at necropsy. 

The next group, Table 4D, is again a repetition of the foregoing, 
but using aged normal chicken serum as the protecting serum ; the mouse 
receiving 0.1 c.c. of the peritoneal washings intraperitoneally lived from 
thirty-one to forty hours, as did the control; of the two mice receiving 
0.001 c.c. of the peritoneal washings, one lived forty hours, the other 
from fifty-two to sixty-four hours, the control living from thirty-one 
to forty hours. The mice receiving 0.00001 c.c. or higher dilutions of 
the peritoneal washings all survived. Those mice dying all yielded a 
pure Type 3 pneumococcus from the peritoneum at necropsy. In the 
next group, serum from a chicken having had intraperitoneal injections 
of a pneumococcus culture as described in the observations of the control 
sheet, was used as the protective serum. The mouse receiving 0.1 c.c. 
of the peritoneal washings lived from thirty-one to forty hours, as did 
the control ; of the mice receiving 0.001 c.c. of the peritoneal washings, 
both lived from thirty-one to forty hours, as did the control; of the mice 
receiving 0.00001 c.c. of the peritoneal washings, one lived from thirty- 
one to forty hours, the other forty-two hours, the control living from 
fifty-two to sixty-four hours. The mice receiving 0.0000001 c.c. of the 
peritoneal washings both survived. A pure Type 3 pneumococcus was 
recovered from the peritoneum at necropsy. 

It will be seen that the aged normal human serum and the aged 
normal chicken serum are the only ones of the group offering any con- 
siderable degree of protection. In each case the mice survived; 
the controls having an equal dose of the same pneumococcic peritoneal 
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washings without serum died in from fifty-two to sixty-four hours; 
those having the next higher dose, that is, 0.001 c.c., showed a slightly 
prolonged period of life. In the group having the fresh human serum, 
there is one survival more than in the control, but with no prolongation 
of life above the controls in the other animals. Had the normal chicken 
serum used been fresher, a much more striking result might have been 
expected, as shown in another group of experiments; that used here 
was unpreserved and although sterile, had been produced about four 
months previously. 

In the fifteenth series of experiments, precisely the same work was 
done as in the fourteenth series, but replacing the Type 3 pneumococcus 
with a Type 2, which, in our hands, developed a higher degree of viru- 
lence than did either of the other two groups. 

Table 5 A is our control sheet. Each of the mice in the first group 
receiving 1 c.c. in each case of the various serums used, but having no 
pneumococcic injection, survived ; of the controls in which no serum was 
given, but only intraperitoneal injections of the highly virulent peritoneal 
washings recovered from a mouse previously injected with the Type 2 
pneumococcus, the two receiving 0.1 c.c. lived for twenty-six and thirty 
hours, respectively ; of the two receiving 0.001 c.c., one lived for forty- 
eight hours, the other from thirty to forty hours; of the two receiving 
0.00001 c.c., one lived for forty-eight hours, the other for fifty-one 
hours. The two receiving 0.0000001 c.c. both lived from fifty-four to 
sixty-two hours. A pure Type 2 pneumococcus was recovered from 
the peritoneum at necropsy in every case. 

In Group 1 B (Table 5), each mouse received 1 c.c. of aged normal 
human serum four hours after the intraperitoneal injection of the same 
peritoneal washings employed in the control animal. Of those receiving 
0.1 c.c. of the peritoneal washings, one lived from sixteen to eighteen 
hours, the other for twenty-six hours, in contrast to the controls having 
the same dosage which lived for twenty-six and thirty hours, respec- 
tively; of the two receiving 0.001 c.c. each, one lived from thirty to 
forty-two hours, the other fifty-three hours, in contrast to the controls 
which lived for forty-eight and from thirty to forty hours, respec- 
tively. Of those receiving 0.00001 c.c. each, one lived from fifty-three 
to sixty-five hours, the other survived, in contrast to the controls which 
lived for forty-eight and fifty-one hours. The two receiving 0.0000001 
c.c. each both survived. A pure Type 2 pneumococcus was recovered 
at necropsy in all the animals that died. 

In Group 2 B, fresh normal human serum in quantities of 1 c.c. to 
each mouse replaced the aged normal human serum used in the 
foregoing group four hours after the injection of the Type 2 
peritoneal washings. Of the two mice receiving 0.1 c.c. of the 
peritoneal washings, one lived for twenty hours and the other for 
twenty-two hours, in contrast to the controls which lived for twenty-six 
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and thirty hours, respectively. Of the two receiving 0.001 c.c., one 
lived from thirty to forty-two hours, the other from fifty-three to sixty- 
five hours, in contrast to the controls which lived for forty-eight hours 
and from thirty to forty hours. Of the two receiving 0.00001 c.c., one 
lived from fifty-three to sixty-five hours, the other survived, in contrast 
to the controls which lived for forty-eight and fifty-one hours, respec- 
tively. The two receiving 0.0000001 c.c. both survived. In every case, 
pure Type 2 pneumococcus was recovered from the peritoneum at 
necropsy. 

Group 1 C is a repetition of the foregoing group, but replacing the 
human serum with Lederle’s polyvalent antipneumococcic serum, 1 c.c. 
to each mouse, four hours after the intraperitoneal injection of the 
pneumococcic peritoneal washings. Of the two mice receiving 0.1 c.c. 
of the peritoneal washings intraperitoneally, one lived for twenty-four 
hours and the other for twenty-six hours, in contrast to the controls, 
which lived for twenty-six and thirty hours, respectively. Of the two 
receiving 0.001 c.c., one lived for thirty hours and the other from thirty 
to forty hours, in contrast to the controls, which lived for forty-eight 
and from thirty to forty hours. The two mice receiving 0.00001 c.c. 
each of the peritoneal washings and the two receiving 0.0000001 c.c. 
each survived. In every case a pure Type 2 pneumococcus was 
recovered from the peritoneum when the mice died. 

In Group 2C, 1 c.c. of pneusolin was given each mouse intraperi- 
toneally four hours after the injection of the pneumococcic peritoneal 
washings had been given intraperitoneally. Of the two mice given 
0.1 c.c. of the peritoneal washings, one lived for twenty-four hours, 
the other for thirty hours. The controls lived for twenty-six and thirty 
hours, respectively. Of the two mice receiving 0.001 c.c., one lived for 
twenty-seven hours, the other from thirty to forty hours, in contrast to 
the controls which lived for forty-eight and from thirty to forty hours. 
The two mice receiving 0.00001 c.c. and those receiving 0.0000001 c.c. 
of the peritoneal washings all survived. A pure Type 2 pneumococcus 
culture was recovered from the peritoneum of those mice that died. 

In Group 1 D, 1 c.c. of aged normal chicken serum was given intra- 
peritoneally to each mouse four hours after intraperitoneal injection of 
the Type 2 pneumococcic peritoneal washings. Of the two mice receiv- 
ing 0.1 c.c. of the peritoneal washings, one lived for twenty-four hours, 
the other from thirty to forty hours. The controls with the same dosage 
of the same peritoneal washings lived for twenty-six and thirty hours. 
The two mice that were given 0.001 c.c. of the peritoneal washings lived 
for thirty hours and from thirty to forty hours, the controls lived for 
forty-eight hours and from thirty to forty hours. Of the two that were 
given 0.00001 c.c., one lived for fifty-one hours, the other survived. 
The controls lived for forty-eight and fifty-one hours. The two that 
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were given 0.0000001 c.c. of the peritoneal washings both survived. A 
pure Type 2 pneumococcus was recovered at necropsy in all the mice 
that died. 

In Group 2 D, the protective serum used was from chickens which 
had received large doses of Type 2 pneumococcus intraperitoneally and 
were bled nine days later. One cubic centimeter was given intraperi- 
toneally to each mouse four hours after the injection of the Type 2 
pneumococcus peritoneal washings. Of the two mice in which 0.1 c.c. 
of the peritoneal washings were given intraperitoneally, one lived for 
twenty hours, the other for twenty-four hours. The controls lived for 
twenty-six and thirty hours. Of the two mice receiving 0.001 c.c., one 
lived from thirty to forty hours, and the other survived. We are unable 
to explain this survival. The control mice lived for forty-eight hours 
and from thirty to forty hours, respectively. Of the two mice receiv- 
ing 0.00001 c¢.c. of the peritoneal washings, one lived from thirty to 
forty hours and the other survived. The controls lived for forty-eight 
and fifty-one hours. The two mice receiving 0.0000001 c.c. each both 
survived. A pure Type 2 pneumococcus was recovered from the peri- 
toneum at necropsy. 

From our previous experience we were led to expect a very much 
higher degree of protection from normal chicken serum than was shown 
in this group of experiments, and set about to investigate this point. We 
found that the aged normal chicken serum that was used was unpre- 
served and had been produced between six and seven months previously. 
We are, however, including the findings in this report because we feel 
that it is valuable to show what may be expected from very old serum 
when unpreserved, even if kept in a sterile condition. To check this 
point, a fresh normal chicken serum was prepared and was used when 
seventy-two hours old in Table 5 FE. 

In E, a high virulence was again developed in our Type 2 pneumo- 
coccus, and as controls two mice were injected with 0.1 c.c. each of the 
peritoneal washings of this organism intraperitoneally; one lived for 
twenty hours, the other from twenty-four to thirty-six hours, and a pure 
Type 2 pneumococcus was recovered from the peritoneum at necropsy. 
Two others were each injected with 0.001 c.c. of the peritoneal washings 
intraperitoneally and lived from twenty-four to thirty-six and thirty- 
nine hours. A pure Type 2 pneumococcus was recovered from the 
peritoneum at necropsy. Two others were injected with 0.00001 c.c. 
each of the same peritoneal washings, one lived for forty-six hours and 
the other survived. A pure Type 2 pneumococcus was recovered from 
the peritoneum of the mouse that died. Two others were injected with 
0.0000001 c.c. each of the peritoneal washings, one survived, the other 
died in from seventy-two to eighty-four hours. However, necropsy 
of the peritoneal cavity disclosed a contamination in the mouse that died, 
hence no conclusions can be drawn. 
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In Group 2 IE, two mice each with a dosage of the same peritoneal 
washings as used in the foregoing, were injected intraperitoneally, that 
is, two receiving 0.1 c.c. each, two receiving 0.001 c.c. each, two receiving 
0.00001 c¢.c. each and two receiving 0.0000001 c.c. each intraperito- 
neally. Each mouse was given 1 c.c. of normal chicken serum seventy- 
two hours old, four hours after the intraperitoneal injection of the 
Type 2 pneumococcic peritoneal washings; all survived. A control 
mouse receiving no pneumococcic injection, but 1 c.c. of this same 
normal chicken serum, survived. 

In the fifteenth series, all of the serums used apparently gave some 
protection. The normal chicken serum used when seventy-two hours 
old gave complete protection to the same dosage of the Type 2 pneumo- 
coccus, which killed the control animals receiving 0.1 c.c. of the injection 
in twenty hours and from twenty-four to thirty-six hours. Pneusolin 
and Lederle’s polyvalent antipneumococcic serum each gave protection to 
a dosage as high as 0.00001 c.c. The control animals having this same 
dosage of the same peritoneal washings lived for forty-eight and fifty- 
one hours. The protection afforded by other serums used is negligible. 

Our results, clinically, with children, seem to indicate that the period 
elapsing between the time of infection and the time when serum was 
administered, and also the dosage of the serum given were factors in the 
end-results obtained. To determine this point, Experiments 6, 7 and 
8 were carried out. 

In Table 6, the peritoneal washings from a mouse previously injected 
with a virulent Type 2 pneumococcus were given intraperitoneally, 
0.0001 c.c. to each of two mice; one lived for forty-seven hours, the 
other for forty-nine hours. A pure Type 3 pneumococcus was recovered 
at necropsy from the peritoneum in each case. Twelve other mice were 
each given 0.00001 c.c. intraperitoneally of the same peritoneal wash- 
ings; three of these were immediately given intraperitoneally 0.5 c.c., 
0.75 c.c. and 1 c.c. of normal chicken serum, respectively. The mouse 
receiving 1 c.c. of the chicken serum lived for ninety-six hours, no 
necropsy was possible; the other two mice survived. Three hours 
after the intraperitoneal injection of the peritoneal washings, three 
other mice were given 0.5 c.c., 0.75 c.c. and 1 c.c., respectively, of the 
normal chicken serum intraperitoneally ; all survived. Six hours after 
the intraperitoneal injection of the peritoneal washings, another group 
of three mice was given 0.5 c.c., 0.75 c.c. and 1 c.c. of the normal chicken 
serum, intraperitoneally. The one receiving 0.5 c.c. chicken serum lived 
for ninety-six hours and no necropsy was possible. The other two 
mice survived. Eight hours after the injection of the peritoneal wash- 
ings a fourth group of three mice was given 0.5 c.c., 0.75 c.c. and 1 c.c. 
of the normal chicken serum, respectively. The one receiving 0.5 c.c. 
survived, the one receiving 0.75 c.c. died in ninety-six hours, no 
necropsy was possible ; the one receiving 1 c.c. of normal chicken serum 
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died in seventy-two hours and a pure Type 3 pneumococcus was 
recovered from the peritoneum at necropsy. A control mouse was given 
1 c.c. of the same chicken serum intraperitoneally, but with no peritoneal 
washings, and survived. 

In Table 7, one mouse, as a control, was given | c.c. intraperitoneally 
of the aged normal chicken serum used in this experiment and survived. 
Twenty-five other mice were each given 0.001 c.c. of the peritoneal 
washings from a mouse previously injected with a virulent Type 2 
pneumococcus. One of these received no chicken serum and died in 
from twelve to eighteen hours. Another mouse receiving 0.00001 c.c. 
of the same peritoneal washings and no chicken serum died in forty-six 
hours. A pure Type 2 pneumococcus was recovered from the peri- 


TABLE 6.—Peritoneal Washings from a Mouse 


Time, Chicken Time, Condi- 
Pn. IIT 10/15/23 Serum 10/15/23 Died Hours tion 
10 ce. 2 p.m. Survived oe 
Comtrol.....s. cs 0.00001 ¢.c. 2 p.m. 1 p.m., 10/17/23 47 P 
0.00001 ¢.c. 3 p.m., 10/17/23 49 
Simult. .. 0.00001 ¢.c. 2 p.m. 0.5 2 p.m. Survived 
R 0.00001 ¢.c. 2 p.m. 0.75 ¢.c. 2 pm. Survived es oe 
B 0.00001 e.c. 2 p.m. 1.00 ¢.c. 2 p.m. Night of 10/19/23 96 —~ =. 
amin 
Ww 0.00001 ¢.c. 2 p.m. 0.5 ¢.c. 5 p.m. Survived 
R 0.00001 e.c. 2 p.m. 0.75 ee. 5 p.m. Survived 
B 0.00001 ¢.c. 2 p.m. 1.00 ¢.c. 5 p.m. Survived 
6 hr. .. W = 0.00001 ¢.c. 2 p.m. 0.5 ce 8 p.m. Night of 10/19/23 9 Not ex- 
R 0.00001 ¢.c. 2 p.m. 0.75 ¢.¢ 8 p.m. Survived .. amined 
B 0.00001 ¢.c. 2 p.m. 1.00 ¢.¢ 8 p.m. Survived ee ou 
Shr Ww 0.00001 2 p.m. 0.5 cc. 10 p.m Survived 
R 0.00001 ¢.c. 2 p.m. 0.75¢.c. 10 p.m. Night of 10/19/23 9% Not ex- 
amined 
B 0.00001 ¢.c. 2 p.m 10¢cc. 10 p.m Night of 10/18/23 72 P 


P denotes pure pneumococeus recovered from peritoneal cavity postmortem. 


toneum of each at necropsy. Six other mice were given an intra- 
peritoneal injection of normal chicken serum simultaneously with the 
injection of the peritoneal washings. Two of these were given 0.5 c.c. 
of the normal chicken serum, one living from fifty-six to sixty-four 
hours, in contrast to the control which lived from twelve to eighteen 
hours; the other survived. A pure Type 2 pneumococcus culture was 
recovered from the peritoneum of the mouse that died. Of two others 
receiving 0.75 c.c. of the normal chicken serum, one lived for forty- 
nine hours and yielded a pure culture of Type 2 pneumococcus at 
necropsy, the other survived. Of the other two mice receiving 1 c.c. of 
normal chicken serum intraperitoneally, one showed a contamination at 
necropsy culture from the peritoneum, the other survived. Three hours 
after the intraperitoneal injection of the peritoneal washings, two mice 
were given 0.5 c.c. of normal chicken serum intraperitoneally, one living 
from thirty-six to forty-four hours, in contrast to the control which 
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lived from twelve to eighteen hours and yielded a pure Type 2 pneumo- 
coccus culture from the peritoneum at necropsy. The other showed a 
contamination. Of two other mice having 0.75 c.c. of normal chicken 
serum intraperitoneally, one lived for fifty-one hours, the other for 
fifty hours and from each a pure Type 2 pneumococcus culture was 
obtained at necropsy. The other two mice were given 1 c.c. of normal 
chicken serum intraperitoneally and lived for fifty-two and forty-six 
hours, yielding a pure Type 2 pneumococcus culture from the peri- 
toneum at necropsy. Six hours after the injection of the peritoneal 
washings, six other mice were given intraperitoneal injections of normal 


Taste 7.—Mouse as Control Given Serum 


Time, N/Chick. Time, Condi- 
Pn. II 11/18/23 Serum 11/18/23 Died Hours tion 
Control w None 1.00 12 m. Survived ve 
Control. R 0.001 ¢.c. 12 m. None seenwe Night of 11/18/23 12-18 P 
Control... B 0.0001 ¢.c. 12m. ee 10 a.m., 11/20/23 46 P 
W 0.001 ¢.c. 12m 0.5 ¢.c. 12 m. Night of 11/20/23 56-64 P 
Survived 
R 0.001 ¢.c. 12 m. 0.75 €.¢. 12 m. 1 p.m., 11/20/23 49 P 
Survived 
B 0.001 ¢.c. 12 m. 1.00 ¢.¢. 12 m. Survived 
) w 0.001 ¢.c. 12 m. 05 ec. 3 p.m. Night of 11/19/23 36-44 P 
R 0.001 ¢.c. 12 m. 0.75 €.e. 3 p.m. 3 p.m., 11/20/23 51 P 
2:30 p.m., 11/20/23 
B 0.001 ¢.¢. 12 m. 1.00 ¢.c. 3 p.m. 4 p.m., 11/20/23 +4 P 
10 a.m., 11/20/23 46 
0.001 12 m. 0.5 6 p.m. 6 p.m., 11/19/23 30 P 
8:30 a.m., 11/19/23 P 
R 0.001 ¢.c. 12 m. 0.75 €.€. 6 p.m. 6 p.m., 11/19/23 30 P 
9:30 a.m., 11/19/23 22 P 
B 0.001 ¢.c. 12 m. 1.00 ¢.c. 6 p.m. 9 p.m., 11/19/23 33 P 
8 a.m., 11/20/23 44 P 
w 0.001 ¢.¢. 12 m. 0.5 8S p.m. 12:30p.m.,11/19/23 24 P 
4 p.m., 11/19/23 28 P 
R 0.001 ¢.c. 12 m. 0.75 ¢.c. Sp.m. 10:30a.m., 11/19/23 2 P 
8 a.m., 11/19/23 20 P 
B 0.001 €.€. 12 m. 1.00 ¢.c. 8 p.m. 2:30 p.m., 11/19/23 27 P 


N/chicken serum attenuated through age. 

P denotes pure pneumococcus recovered from peritoneal cavity postmortem. 
chicken serum ; two receiving 0.5 c.c. lived for thirty and twenty hours, 
respectively; two receiving 0.75 c.c. lived for thirty and twenty-two 
hours, respectively ; two receiving 1 c.c. lived for thirty-three and forty- 
four hours, respectively. A pure Type 2 pneumococcus culture was 
recovered from the peritoneum at necropsy from each of these six mice. 
Eight hours after the injection of the peritoneal washings, six other 
mice were given intraperitoneal injections of the normal chicken serum, 
two were given 0.5 c.c. each, and lived for twenty-four and twenty- 
eight hours, two others were given 0.75 c.c. each and lived for twenty- 
two and twenty hours, two others were given 1 c.c. each and lived for 
twenty-seven and thirty hours, respectively. A pure Type 2 pneumo- 
coccus culture was recovered from the peritoneum at necropsy in each 
of these six mice. 
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In Table 8, one mouse was given 1 c.c. of the normal chicl:en 
serum used in this experiment intraperitoneally and survived. Thirteen 
other mice were each given 0.001 c.c. of the peritoneal washings of a 
mouse that had previously been injected intraperitoneally with a virulent 
Type 1 pneumococcus. One of these was given no chickes: serum and 
died in thirty-three hours, another mouse was given 0.00001 c.c. of the 
same peritoneal washings and no chicken serum and died in from thirty- 
three to forty-four hours. A pure Type 1 pneumococcus culture was 
recovered from the peritoneum of each at necropsy. Three other mice 
were given 0.5 c.c., 0.75 cc. and 1 c.c., respectively, of aged normal 
chicken serum at the same time that the injection of the peritoneal 
washings were made; all survived. Three hours after the injection of 
the peritoneal washings, three other mice were given 0.5 c.c., 0.75 c.c. 


Taste 8.—Mouse as Control Given Serum 


Time, N/Chick. Time, Condi- 
Pn. I 11/18/23 Serum 11/18/23 Died Hours tion 

Control. None 1.00 ¢.c. 12 m. Survived 
Control. R O.001 12 m. None 9 p.m., 11 19/28 33 P 
0.00001 ¢.c. 12 m. None Night of 11/19/23 33-44 P 
0.001 ¢.c. 12 m. 0.5 ¢.¢. 12 m. Survived 

R 0.001 12 m. 0.75 12m. Survived 

B 0.001 ¢.c. 12 m. 1.00 c.c. 12 m. Survived 
0.001 12 m. 0.5 ce. 3 p.m. Survived 

R 0.001 e.c. 12 m. 0.75 ¢.c. 3 p.m. Survived 

B 0.001 ¢.c. 12 m. 1.00 c.c. 3 p.m. Survived 
0.001 12 m. 05 6 p.m. Survived 

R 0.001 12 m. 0.75 6 p.m. Survived 

B 0.001 12 m. 1.00 c.c 6p.m. 10:30a.m.,11/20/23 47 P 
Shr. .. 0.001 ¢.¢ 12m 0.5 8 p.m. 4 p.m., 11/20/23 P 

R 0.001 ¢.c. 12m 0.75 e.c. 8 p.m. Night of 11/20/23 6-464 P 

B 0.001 ¢.c. 12m 1.00 ¢.¢ 8 p.m 8:40 a.m.,11/20'23 45 P 


eS recovered from peritoneal cavity postmortem. 
and 1 c.c., respectively, of normal chicken serum intraperitoneally ; all 
survived. Six hours after the intraperitoneal injections of the peritoneal 
washings, three other mice were given 0.5 c.c., 0.75 c.c. and 1 c.c., 
respectively, of the aged normal chicken serum intraperitoneally. The 
mouse receiving 1 c.c. lived for forty-seven hours and a pure Type 1 
pneumococcus culture was recovered from the peritoneal cavity at 
necropsy. Eight hours after the injection of the intraperitoneal wash- 
ings, the other three mice were given 0.5 c.c., 0.75 c.c. and 1 ¢.c., respec- 
tively, of the aged normal chicken serum intraperitoneally. The one 
receiving 0.5 c.c. lived for fifty-two hours, the one receiving 0.75 c.c. 
lived from fifty-six to sixty-four hours, the one receiving 1 c.c. lived 
for forty-five hours. From each of the three a pure Type 1 pneumo- 
coccus was recovered from the peritoneum at necropsy. 

While the results in Experiments 6, 7 and 8 run quite parallel, 
Table 7 illustrates the points to be gathered perhaps more clearly at a 
glance than do the other two. We are here dealing with an organism 
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which, in a definite dosage, namely, 0.001 c.c. of the peritoneal wash- 
ings of a mouse previously injected intraperitoneally with a Type 2 
pneumococcus, killed a mouse in from twelve to eighteen hours. The 
six mice receiving this same dosage and simultaneously aged normal 
chicken serum intraperitoneally showed a considerable degree of pro- 
tection. Had the organism been slightly less virulent or the chicken 
serum more fresh, this protection might have been complete. Each suc- 
ceeding group receiving the chicken serum, that is, three hours, six 
hours and eight hours after inoculation, showed a shorter and shorter 
duration of life as the interval lengthened between the time of inocu- 
lation and administration of serum. The size of the dose of chicken 
serum seems to have made little difference in this experiment ; this may 
have been due to either one of two factors: first, the mechanical irrita- 
tion of so large a quantity as 1 c.c. in contrast to a smaller dosage, or 
that the smaller dosage gave all the available protection that was to be 
had. 

The opsonic index was unsuccessfully attempted several times; the 
results were what one might expect from such an organism as the 
pneumococcus. 

CONCLUSIONS 

We conclude from these findings : 

1, That in the normal chicken serum a protective substance against 
the pneumococcus of Types 1, 2 and 3 is present. 

2. That this protective substance is not an agglutinin. 

3. That agglutinating power can be produced in the blood serum of 
chickens by the intraperitoneal injections of live pneumococci, but 
without increasing the protecting power of this serum. 

4. That the chicken is tolerant to large doses of pneumococci intra- 
peritoneally, with no untoward results. 

5. That the protection afforded by chicken serum is inversely pro- 
portional to the period of time elapsing between the infection and the 
administration of the serum. 

6. That the protective power of chicken serum, if unpreserved, in 
time becomes very much attenuated even if kept under sterile conditions, 
and may finally become entirely inert. 

7. That the protection afforded by normal chicken serum is shared 
if at all, toa very much lesser degree by the other serums employed in 
these experiments. 

CLINICAL RESULTS 


In the following report of our clinical results, our patients were all 
children in the wards of the Children’s Mercy Hospital. A complete 
survey was made of all pneumonia patients in the hospital during the 
period included, regardless of the service they were on or whether or 
not they had been given chicken blood or serum. No selection of cases 


ale 
= 
al 
3 


sO I 


81} IL 


pyq 
poo[q 


paid ees 


poo[q W101} I 


I 

poo[q ssa08qy 

poorq 

peqiosqvun 8 

Bi paul $1990 

I 

BIA MOD “dsoy 


as[nd 


10 pooly 


pid 


8/3 
& 


/e/ut 


uy 


poold 
pool 
poold 


poorqd 
poold 
poolg 
poord 
poolg 
poor 


poolq 
poolg 
poolg 
poolg 
poord 
poold 
poolg 
poold 


pooiq 
poorg 


Ut JO ayy ut 


OR 


OOT 
SNOUPABIJUT OOS 


66/06) BL 
62/18/81 
31 
8&9 


66/61 Lt 


Lh 
B01 


22/S2/Ol 
aed qunowy 
JO addy, 


10 


oysuoig 
oyouoig 


inqo'y 


oyouolg 
oyouolg 


sR 


se 
+ 
| + 
PPL + 
OSL + 
pol + 
OFL Sol + 
OFL Sol t 
+ 
O€L POL + 
col + 
} 
oF OSL 4 
cel FOL AsdoieN 
oF + 
sil FOr + 
cs HL + 
Gel 
oF mL 
* OFL + 
0g eel SOL 
O8 
oO 8 O01 + 
st Sol 
+ 
‘dsoy easing 


10 poolg Avy 


pup poojg fo 


10 


4107814 ON 
sk{uepg 


4101814 ON 


4103814 ON 
ON 


ON 
4101814 ON 
SAUD 


4104814 ON 


£10381 ON 


ON 
4104814 ON 


ON 
Xd 
[ 
LL 


ON 
491} 8 BABDP ZI 
4103814 ON 
e10jaq 
Jo 


“149 
“148 
p10001 ON 


“oul 
"148 
‘OUI ZI 


“OUT 6L 


“OUI 9z 


alavy, 


| | 
| 
| 
| 
| 
= 
= 
= 
ss == | 
seace Ss ceca 
| 
= 


19338 


[eydsoy 

0} jou PIT 

Paid 

pad 


Aep pag 


UO 


SABDP 6 Prd 
¢ pou 


UAALS 


pad 
}SBl “IY [VULION 


Jo 


ped 


tunsag 


poold 
poolg 


poold 
poold 
poold 


aS 


SNOUIABIQU 
OOL 
OOL 


BUON 


QUON 


$2/8z/ZI 


4 


Js 

QUON 
QUON 


32/8 /¢ 
82/8 /¢ 


VIL 


ORI 


“Por 
WL 
re) | 
LoL 


FOL 
wi 


FOL 


ool 
wl 


+ 


JON 


apeul JON 


oyouoig 


oyouoig 


ieqoy_’ 


oyouolg 
inqo'y 

oyuoig 


oyouoig 


oyouolg 

oyouolg 


oyouolg 


oyouolg 
oyouoig 


oyouoig 


SF “IAL 
sAUp 
1 
e103 
4101819 ON 6 
alOjaq 

skepz 11 
“Our 

Z 

“OUI JT 

A10181q ON “14 OL 
ON “Ou 
“IAF 
41018]4 ON “Our JI 
ivqoT “14 
ZL “Ih 
A1048/4 ON “14 6 
4101814 ON oul 6 
ON “Ik 
ON 
skups %Z 
"14 
‘Our ST 
ZI 
6 ‘oul 6 
ON ‘oul 
4103814 ON ‘Oul 6 
skepg 
ayuyepul ‘ow IL 
Aept IAF 
£103814 ON OL 
‘Our IT 
“Our LT 
‘oul 


1g 


£ 
| 
2a 
== one 
| 
Aa 
2} | 
= 
‘ & } 
| 
SSSSSSSSS Ss sess 
S gees ae 
| 
| 
| 
| 
+ + 4 + + ++ +4 + + | . i+4+ 
| 
| 
| 
| 
| 


886 ARCHIVES OF INTERNAL MEDICINE 


was made in using this form of treatment. Some cases receiving serum 
as well as some that did not were admitted to the hospital in an appar- 
ently hopeless condition and died shortly thereafter. It, therefore, 
seemed that this would make a fair and interesting comparison between 
those having had the chicken blood or serum and those that did not. 
Two patients only received serum in which the clinical findings of 
pneumonia and the type (broncho or lobar) were not first verified by 
roentgen ray, and in each of these two cases three staff men concurred 
in the diagnosis. The history of the date of onset was elicited as care- 
fully as possible, but was necessarily questionable in those patients where 
an illness preceded the pneumonia by several days. Careful white blood 
counts were made preceding the administration of the serum and daily 
thereafter in some cases. However, on other cases this work was done 
by unreliable persons. We have because of this feature decided against 
including any blood counts in this report. The observation as to the 
pulse, temperature and respiration were made by reliable nurses. 

The blood or serum was given by a staff man or the resident physi- 
cian. In preparing the serum used, the chicken blood was collected in 
half gallon jars containing a measured quantity of sodium citrate solu- 
tion. The serum was removed without pressing the clot. The citrate 
was removed with calcium and the serum was run through Berkefeld 
filters. This was then cultured and checked in animals, and if found to 
be sterile had added to it tricresol and was placed in 100 c.c. containers 
with rubber caps. 

Sputum cultures were attempted on every patient by catching on a 
piece of gauze inserted in the throat some of the secretion immediately 
as it was expelled from the larynx; the results of this we believe to be 
of no value. 

This series includes sixty-three cases, forty-one of whom received 
either chicken blood or serum. In some of these patients the treat- 
ment was given too late in the disease to promise any benefit, in others 
we now feel the dosage was insufficient or badly distributed. This was 
necessarily so, since we had no criterion to guide us in our early work. 
The charts of these cases were carefully reviewed and the points of 
importance tabulated, as shown in Table 9. 

Explanatory remarks on Table 9 are made only where we feel they 


are required in a given case. 


ABSTRACT OF CASES 


Case 2.—This child had bronchopneumonia as a complication of gastro- 
enteritis and otitis media; he was overwhelmed by these infections. 

Case 3.—In this child, whole chicken blood was given, abscesses resulted 
at the site of injection, which possibly accounts for the continued high tempera- 
ture, pulse and respiration. 

Case 14.—This child developed an abscess from the injection of whole 
chicken blood, followed by the development of empyema. It would be impossible 
to tell just where the pneumonia left off and the abscess and empyema began. 


. 
bd 


BERGER-MONTGOMERY—PNEUMONIAS IN CHILDREN 887 


Case 16.—This child developed empyema a considerable time after the 
pneumonia had apparently cleaned up, and died some time later, apparently 
owing to toxemia and exhaustion. His general condition was very bad from 
the start. 

Case 17.—Death was caused by pneumococcus meningitis, the organism being 
recovered from the spinal fluid. 

Case 18.—This child developed a mild grade erythema multiforme, following 
the injection of chicken blood; this was an unusual complication in this series 
of cases. The result was remarkably good considering the amount of blood 
given. 

Case 27.—Lobar pneumonia, complicating measles. Some time later this child 
developed a pleural effusion and recovered without any further complications. 

Case 30.—After the first injection of chicken serum the pulse, temperature 
and respiration dropped nearly to normal. Three days later an otitis media 
developed and more serum was given, followed by an immediate response. It 
would be doubtful whether the serum had much influence in this case, since 
it ran about the usual duration. 

Case 31.—Lobar pneumonia and pyelitis were confirmed by necropsy. This 
boy was extremely ill and was given 300 c.c. of chicken serum intravenously, 
and 200 c.c. of the serum intramuscularly, at 1:30 p.m. At 2:10 p. m. a chill 
developed and the patient went into a state of shock. He died at 3:45 p. m. 
It is a question whether this death might have been produced by the administra- 
tion of the serum. 

Case 34.—This child was not helped by the serum. The serum used was 
old and the initial dosage was entirely too small. 

Case 38.—This child seemed at first to respond well to the chicken blood 
serum, but died twenty-two days after the onset of the disease, and twelve 
days after the administration of the chicken blood. Death was due to extraneous 
complications. 

Case 42.—This child made a good response to the serums. The temperature, 
pulse and respiration would probably have reached normal earlier had it not 
been complicated by otitis media which was present on admission. 

Case 47.—This child had bronchopneumonia of twelve days duration before 
admission and showed no response to the chicken blood given. The temperature 
and pulse required an abnormally long time to reach normal and no com- 
plications could be found to account for this. 

Case 49.—This case is a very good example of serum badly given. The 
initial doses were entirely too small for intramuscular doses. The patient 
showed no response to the serum given and died, although the serum given 
was fresh. 

Case 50.—This patient had only 100 c.c. of serum intravenously. His condi- 
tion was so extreme that it was not deemed wise to continue its administra- 
tion. He died a few hours after admission to the hospital. 


COM MENT 

This report covers sixty-three consecutive cases of pneumonia 
admitted to the ward of the Children’s Mercy Hospital, of which seven- 
teen were suffering from bronchopneumonia and twenty-four from 
lobar pneumonia (making a total of forty-one cases), treated with the 
blood or serum of chickens. Of these, three bronchopneumonia patients 
and two lobar pneumonia patients (making a total of five) died. The 
mortality was 12.2 per cent. 

There were twelve cases of bronchopneumonia and ten cases of lobar 
pneumonia (making a total of twenty-two cases) admitted to the wards 
during the same period of time, receiving the usual pneumonia treat- 
ment, but no chicken blood or serum. Of these, there were seven 
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bronchopneumonia and one lobar pneumonia patients (making a total of 
eight) that died. The mortality was 36.3 per cent. The broncho- 
pneumonia patients treated with chicken blood or serum and living 
required an average of 2.81 days for the temperature, 1.83 days 
for the pulse and 2.51 days for the respiration to reach normal after the 
administration of the blood or serum. The lobar pneumonia patients 
required 1.61 days for the temperature, 1.85 days for the pulse and 
1.70 days for the respiration to reach normal after the administration 
of blood or serum. Of those cases not receiving chicken blood or serum 
and living, the bronchopneumonia patients required an average of 11.0 
days for the temperature, 9.60 days for the pulse and 10.4 days for the 


Taste 10.—Sixty-Fve Cases of Pneumonia 


Cases Treated with 
Chicken Blood or Serum 


—_—— Total Total Percentage 
Broncho Lobar Cases Mortality Mortality 
3 12.2 
Cases Not Treated with 
Chicken Blood or Serum 
AS — 
Broncho Lobar 
12 10 22 
7 1 we 8 36.3 


Average Number Days for Total Cases to Reach Normal! after 
Use of Chicken Blood or Serum 


troncho Lobar 
Temp Pulse Resp. Temp Pulse Re sp. 
2.81 1.88 2.51 1.61 1.85 1.70 


Average Days for Total Number of Cases to Reach Normal without the 
Use of Chicken Blood or Serum 


Lobar 


Broncho 
Temp Pulse Resp. Temp. Pulse Resp. 
11.0 9.60 10.4 9.44 8.88 O44 


respiration to reach normal after admission to the hospital, at which 
time they would have received the serum had it been given. The lobar 
pneumonia patients required 9.44 days for the temperature, 8.88 days 
for the pulse and 9.44 days for the respiration to reach normal after 
admission to the hospital. No selection of cases was made for adminis- 
tering the chicken blood or serum. Those patients that did not receive 
it were either admitted on another service in the hospital or if admitted 
on our service, there was no serum available at the time.* 


5. A chill followed the administration of the serum in from twelve minutes 
in one case to one hour twenty-five minutes in another case, being present in 
seven of the forty-one patients treated with the blood or serum of chickens. 
These patients usually required a little more time to reach normal in tempera- 
ture, pulse, and respiration, and had a slightly longer convalescent period than 
the average of the others of the series. There was one death among this group, 
as reported earlier in the paper. We feel that such a reaction is an unusual 
complication and may be detrimental to a pneumonia patient. 
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From our clinical experience with the cases just cited, we conclude 
that in both bronchopneumonia and lobar pneumonia, the mortality can 
be greatly reduced by the use of chicken blood or serum in addition to 
the ordinary methods of treatment employed by us, as outlined in our 
previous communication. We conclude also that the convalescent period 
can be very much reduced by the administration of chicken blood or 
serum. Also that the duration of illness preceding the injection of 
chicken blood or serum, the age of the serum used, and the dosage given 
in each individual case are vital factors. 

We feel that greater possibilities along this line of treatment rest in 
a more refined method of concentrating the antibodies or by salting out 
the precipitins, thus decreasing the volume of the dose and the possi- 
bility of shock to the patient and facilitating its administration. 


SUMMARY 

In summarizing, we give the following as our conclusions : 

That there is present in the normal chicken serum, a protective sub- 
stance against the pneumococcus of Types 1, 2 and 3. 

That this protective substance is not an agglutinin. 

That agglutinating power can be produced in the blood and serum 
of chickens by the intraperitoneal injections of live pneumococci, but 
without increasing the protective power of this serum. 

That the chicken is tolerant to large doses of pneumococci intra- 
peritoneally with no untoward results. 

That the protection afforded by chicken serum is inversely propor- 
tional to the period of time elapsing between the infection and the 
administration of the serum. 

That the protective power of chicken serum, if unpreserved, in time 
becomes very much attenuated, even if kept under sterile conditions, 
and may finally become entirely inert. 

That the protection afforded by normal chicken serum is shared, if 
at all, to a very much less degree by the other serums employed in 
these experiments. 

That in both bronchopneumonia and lobar pneumonia, clinically the 
mortality can be greatly reduced by the addition of chicken blood or 
serum to the usual methods of treatment. 

That the convalescent period in pneumonia can be very much reduced 
by the administration of chicken blood or serum. 

That the duration of illness preceding the injection of the chicken 
blood or serum, the dosage given and the age of the serum used in each 
individual case are vital factors. 

That we feel that greater possibilities along this line of treatment 
rest in a more refined method of concentrating the antibodies or by 
salting out the precipitins. 
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Book Reviews 


THE MEDICAL DEPARTMENT OF THE UNITED STATES ARMY 
IN THE WORLD WAR. Vol. XI. Government Printing Office. 


This volume of 827 pages is devoted to empyema, ophthalmology, maxillo- 
facial surgery and otolaryngology. 

The section on empyema is of especial interest to the internist and general 
surgeon. It is rarely possible to collect and review a series of over 4,000 cases 
of empyema occurring within a period of less than two years. The epidemiology 
at each of the various base hospitals is discussed in detail and conclusions 
drawn from the data so obtained. Twenty-eight pages are devoted to pathology; 
several excellent colored plates of gross specimens are included. The various 
methods of treatment such as simple aspiration, thoracotomy and rib resection, 
are discussed. A very large percentage of the empyemas occurred as a com- 
plication of measles or in a severe epidemic of streptococcus pneumonia which 
invaded a camp during the winter and early spring of 1918. We believe that 
it is incorrect to consider this streptococcus epidemic as a complication of 
influenza, as is implied in the report, for the epidemic did not have any of 
the characteristics of the epidemic in the autumn of 1918. It is also misleading 
to draw any conclusions on the value of the various measures employed in 
the treatment of empyema during this streptococcus epidemic, as the virulence 
of the infecting agent definitely diminished as the epidemic progressed. Any 
method of treatment instituted late in the course of the epidemic gave a low 
mortality. 


BASAL METABOLISM IN HEALTH AND DISEASE. By Evucene F. 
DuBois, M.D., Medical Director, Russell Sage Institute of Pathology; 
Associate Professor of Medicine, Cornell University Medical College. 
Pp. 372, with index and 79 illustrations. Price, $4.75. Philadelphia: 
Lea and Febiger, 1924. 


This book is successful in the “attempt to bring basal metabolism out of 
the realm of pure physiology into the domain of clinical medicine.” One is 
impressed by the clarity of exposition of theories, facts and methods, which 
have been the result of painstaking technical work and thought by many 
students of this branch of physiology. It is another of the many invaluable 
contributions by physiologists to clinical medicine. The author has had a 
very large experience in the clinical application of the tests, and is conserva- 
tive and reliable in evaluating the results in the diagnosis, prognosis and 
treatment of disease. He sounds a warning, which is quoted below, because 
of its soundness and application to other methods of diagnosis now coming 
into vogue. 

“In every disease there is a tendency to variation from the typical which 
occurs in certain individuals and there are few hard and fast rules in diagnosis. 
It is very seldom that we should allow any single symptom or laboratory 
test to outweigh a mass of evidence. A slavish adherence to the basal 
metabolism test as an index of diagnosis may lead the physician to trouble, 
first because the test does not always give the true basal metabolism, and 
second because even the true basal metabolism is not always the indication of 
the correct diagnosis. God forbid that we make our diagnosis by machinery!” 

This is truly a remarkable book. 
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A DIABETIC MANUAL FOR THE MUTUAL USE OF DOCTOR AND 
PATIENT. By E uiotr P..Jostin, Clinical Professor of Medicine, Medical 
School of Harvard University. Third edition. Price, $2. Philadelphia: 
Lea and Febiger. 

A new edition of this helpful book will be welcomed by physician and 
patient as it brings the treatment up to date. 

To Dr. Joslin belongs the credit for emphasizing the importance of educating 
the diabetic patient. From the physician’s standpoint, the education of the 
patient is essential in the treatment of diabetes. This book, placed in the 
hands of the patient, with assistance from the physician, renders the education 
of the patient a comparatively easy task. 

Written in a very readable style and yet giving accurate information, it 
should be valuable to both physician and patient. 


LEHRBUCH DER KLINISCHEN DIAGNOSTIK INNERER KRANK- 
HEITEN, MIT BESONDERER BERUECKSICHTIGUNG 
DER UNTERSUCHUNGSMETHODEN. Edited by Pror. Dr. Pau 
Krause. Third edition, revised. 502 illustrations. Jena: Gustav Fischer, 
1924. 

The book is intended to be a guide to the medical student and to the young 
practitioner. It gives a concise review of the methods available to the physi- 
cian, at the patient’s bed and in the laboratory, for the diagnosis of internal 
diseases. 

The first part deals with anamnesis and general inspection. The inter- 
pretation of subjective symptoms is discussed, especially with regard to the 
misleading localization of pains, and attention is called to the great importance 
of the constitution to modern medicine. A few typical pictures illustrate the 
influence of disturbances of the glands of internal secretion on the external 
habitus of the individual. 

The following sections take up the special findings in different diseases, 
arranged according to the organs. Many good illustrations are added to the 
text, which is clear and free of unnecessary details. Special mention should 
be made of the colored plates, and the laryngoscopic, cystoscopic and ophthalmo- 
scopic pictures, which are excellent. The methods of percussion and auculta- 
tion are thoroughly described under the diagnosis of diseases of the respiratory 
and circulatory systems. Short remarks on the physical fundaments of these 
methods would facilitate their understanding. The irregularities of the heart 
action are shown by electrocardiographic charts. 

In the chapter on renal diseases, a description of the chemistry of the blood 
is lacking. The great improvements in the chemical examination of the blood, 
thanks to the work of Folin, Wu, Benedict, Autenrieth, Bang and others, has 
made these methods a reliable help indispensable in the modern diagnosis. 
3y omitting some of the older methods of merely historical interest, sufficient 
space could be obtained for a discussion of the chemical composition of the 
blood in health and disease. The few remarks found in the section on dis- 
eases of the blood should better have been divided between the diseases of 
the kidney and the section on metabolism. 

The average physician probably will not have occasion to make these tests 
himself as is the case with many other tests described in this book. But he 
should know that the methods exist, and he should be able to judge from the 
results obtained by them. 

For testing the renal functions, the methods based on the elimination of 
normal products of the metabolism under the condition of an increased func- 
tional demand (water and concentration test of Volhard) are to be preferred 
to the injection of dyes. 

The section on the diagnosis of diseases of the metabolism is almost the 
shortest one in the book. Two pages only are devoted to diabetes mellitus. 


= 

4 

= 

| 
| 
| 
+ 
io» 
The 


892 ARCHIVES OF INTERNAL MEDICINE 


No mention is made of the acid-base balance, its disturbances and the bio- 
chemical methods used to determine them (hydrogen-ion concentration, carbon 
dioxid combining power). 

The general and special diagnoses of the diseases of the nervous system 
and the diagnosis of the diseases of the blood are among the best parts 
of the book. The chapters on the diseases of the stomach, intestines, liver, 
and infectious diseases are short, but quite sufficient. The last part of the 
book is devoted to roentgen-ray examination. 

The book fulfills the purpose for which it was written. It will be a good 
adviser for the physician during his first years of practice. If the details 
now lacking should be inserted into a future edition, the book will be one 
of the best of its kind in the present German literature. 
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